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' PREFACE

. . The Environmental Protection Agency (EPA) is rescinding 40 CFR 61, Subpart I,
. National Emission Standards for Radionuclide Emissions: From Facilities Licensed by the
Nuclear Regulatory Commission and Federal Facilities Not Covered by Subpart H as it
applies to licenses other than commercial nuclear power reactors. This Background
Information Document (BID) has been prepared in support of rulemaking proceedings for
EPA’s action. This BID contains an introduction, descriptions of Nuclear Regulatory
 Commission (NRC) source subcategories, estimates of doses from both designated and
randomly selected NRC facilities, a comparison of NRC and EPA regulations governing -
emissions of radioactive matenal estimates of the number of NRC facilities that are in
comphance with Subpart I, and a description of quahty control measures used in this BID.

Copies of thls BID, in whole or in part, are avaﬂable to all interested persons An
- announcement of the ava:lablhty appears in the Federal Register. For addmonal information,
contact Julie Rosenberg at (202) 233-9154 or write to:

Director, Radiation Protection Division
Office of Radiation and Indoor Air (6602])
Environmental Protection Agency
401 M Street, SW
Washington, DC 20460




DISCLAIMER

Mention of any specific product or trade name in this repbrt does not imply an
endorsement or guarantee on the part of the Environmental Protection Agency.
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1. Introduction and Summary

1‘.1 ' HISTORY OF STANDARDS DEVEtOPLJENT

‘ Pursuant to the 1977 amendments to the Clean Air Act (CAA), on December 27,
1979, the administrator listed radionuclides as a hazardous air pollutant under Section 112 of
the Act (44 FR 76738). The Administrator then initiated studies to determine what source
categones of facilities emit radionuclides to the air in quantities sufficient to warrant )
estabhshmg a NESHAP (National Emission Standard for Hazardous Air Pollutants) to hmlt
emissions to levels providing an ample margin of safety to protect the public health.

On Aprilh 6, 1‘983 EPA published a FR notice proposing radionuclide NESHAPs for ,
four source categones and announced its ﬁndmg that NESHAPs were not required for seven -
of the source categones that it had mvestlgated (48 FR 15076). NESHAPs were proposed to
 limit emissions of radionuclides from elemental phosphorus plants, Depa.rtment of Energy
(DOE) facilities, certain non-fuel cycle facrhtles licensed by NRC, and underground uranium
mines. Uranium fuel cycle fac1ht1es were one of the seven source categories that the
_ Administrator determined did not requlre a NESHAP.

In October 1984, actmg pursuant toa court order to take final act10n on the proposed
NESHAPS, the Admlmstrator pubhshed a FR notice announcing that the proposed standards
) ' for elemental phosphorus plants, DOE facilities, and certain NRC-licensed facilities were

- being withdrawn (49 FR 43906). The decision to withdraw the proposed standards was
based on the Administrator’s ﬁndmg that control practices-already in effect for those source
categories provide an ample margin of safety. The FR notice also made final the
Admjnistrat'or’s decisionrnot to issue NESHAPs for the other seven source categories.

, The decision to w1thdraw the proposed NESHAPs was 1mmed1ate1y cha]lenged in.
court and on December 11, 1984, the U.S. District Court for the Northern District of
California found the Administrator in contempt of its earlier order d1rectmg the -
Administrator to promulgate final standards or to make a fmdmg that radionuclides are nota
. hazardous air pollutant. EPA complied with the court’s December decision by issuing -

- NESHAP: for elemental phosphorus plants, DOE facilities, and certain NRC-licensed
facilities on February 6, 1985 (50 FR 7280).
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The Environmental Defense Fund (EDF), the Natural Resources Defense Council
(NRDC), and the Sierra Club filed petitions with the court to review the final decisions not
to regulate certain source categones (including the uramum fuel cycle) and the February
1985 standards. On July 28, 1987, while these petitions were pending, the U.S. Court of
Appeals for the District of Columbia remanded to the Agency the NESHAP for vinyl |
chlorides (a nonradioactive hazardous air pollutant). In that decision, the court concluded
that the Agency had improperly considered cost and technological feasibility in determlmng
the level of the standard without first making a determmatlon based excluswely on the risk to
the public. . . ’
Given the court’s decision on vinyl chloride, EPA determined that its radionuclide
NESHAPs should also be reconsidered and pet1t10ned the court for a voluntary remand of
standards. Inm its petition, EPA also moved that the pending litigation on all issues relatmg to
its radionuclide NESHAPs be placed in abeyance during the rulemaking and agreed to
feexamine all issues raised by the parties to the litigation. The court gtanted EPA’s petition
on December 8, 1987, and EPA began to revisit its earher de01s1on under a court—1mposed
schedule. ' ‘

The Administrator’s final decisions on the radionuclide NESHAPs were published in
the Federal Register on December 15, 1989 (54 FR 51654). The final NESHAP for the
NRC-licensed facilities (40 CFR 61, Subpart I) included facilities that are part of the uranjum
fuel cycle and established a standard of 10 mrem/yr effective dose equivalent (ede) to any
member of the public, with no more than 3 mrem/yr ede caused by emissions of
radioiodines. In explaining his decision to promulgate a NESHAP that included the uranium
fuel cycle facilities previously unregulated ‘under the CAA, the Administrator explained that
the standard would insure that the current levels of emissions do not increase.

Simultaneously with promulgating the NESHAPs' EPA granted reconsideration of 40
CFR Part 61, Subpart I, National Emissions Standards for Radionuclide Emissions From
Facilities Licensed by the Nuclear Regulatory Commission and Federal Facilities Not -
Covered by Subpart H. The reason for the reconsideration was to allow assessment of
information received late in the rulemakmg process from NRC and the National Instltutes of
Health (NIH) regardmg the impacts of duphcauve regulations on licensees and the potent:lal -
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for the NESHAP to discourage the use of rad101sotopes in medical and expenmental
' theraples The Agency also stayed the effective date of Subpart 1. Over the next year EPA ‘
contmued to stay Subpart 1 i in its entlrety

While Subpart I was under reconsideration; Congress passed the Clean Air Act
Amendments (CAAA) of 1990. Section 112(d)(9) of these amendments states, in part:

‘No standard for radionuclide emissions from any category or subcategory of
facilities licensed by the Nuclear Regulatory Commission (or an Agreement
State) is required to be promulgated under, this section if the Administrator
determines, by rule, and after consultation with the Nuclear Regulatory
Commission, that the regulatory program established by the Nuclear _
Regulatory Commission pursuant to the Atomic Energy Act for such category
or subcategory prov1des an ample margm of safety to protect the pubhc health

EPA reviewed the information. prov1ded to it during the recons1derat10n of Subpart I
concemmg radionuclide emissions from one subcategory of NRC-licensed facilities,
commercial nuclear power reactors In light of the new authority prov1ded by CAAA
Section 112(d)(9), EPA made an initial determination that the NRC’s regulatory program
limiting these emissions protects public health with an ample margin of safety. On March
13, 1991, EPA issued an Advance Notice of Proposed Rulemaking (ANPR), announcing its
intention to proceed with the rulemakmg, pursuant to Section 112(d)(9), to rescind Subpart I
of 40 CFR 61, as it apphes to nuclear power reactors (56 FR 10524) Concurrent with the -
ANPR, EPA published a FR notice proposing to stay the effectweness of Subpart I for power -
reactors until the conclusion of the rulemakmg on rec1s1on (56 FR 10523). On August 5,

7 1991 EPA issued a Notice of Proposed Rulemaking (NPR) announcing the Agency’s
intention to rescind Subpart I as it applies to nuclear power reactors (56 FR 37196). At the
same time, EPA stayed subpart I for these facilities pendmg completmn of the recision

‘rulemaking. '

For all other categones of NRC hcensees, EPA concluded that it lacked adequate o
mformatlon to characterize the facilities’ emissions and embarked on the information |
collection survey (under Section 114) that is described in detail in this Background
" Information Document (BID). On April 15, 1991, EPA stayed the effectiveness of Subpart I
for all NRC-licensed facilities other than nuclear power reactors until November 15, 1992, or
until such earlier date that EPA is prepared to make an initial determination under CAAA
Section 112(d)(9) and conclude its reconsideration (56 FR 18735, April 24, 1991). On
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December 1, 1992, the Administrétc')r determined that the NRC regulatory program for
licensed facilities other than commercial nuclear reactors should provide an ample margin of
safety to protect pubhc health, and proposed to rescind Subpart I as it apphes to such
Iicensees. :

1.2 UPDATE METHODOLOGY

In previous evaluations (EPA83, EPA84, EPAR9), EPA used both actual and model
facilities to characterize the doses and risks caused by airborne emissions of radionuclides
from NRC-licensed facilities. In those assessments, the doses caused by activities judged to
have the greatest potential for relatively large airborne emissions were evaluated primarily on
the basis of actual facilities. Most of these large facilities had emissions data providing a
basis for reasonable estimates of doses and risks to public health. Emissions from model
facilities were used in an attempt to bound the doses and risks from the thousands of facilities
engaged in activities judged to have less potential to cause exposures. These estimates were
based on available data and conservative assumptions to ensure that doses and risks were not
understated. . |

The most recent evalnation of emissions from NRC-]icénsed facilities, conducted for
the 1989 promulgation of the Subpart I NESHAP, used the methodology that EPA developed
to meet the approach that the U.S. Court of Appeals for the D.C. Circuit set out in the Vinyl
Chloride decision. That approach requu‘es two steps in settmg standards: * first, determine an
"acceptable” level of ‘risk that considers only health factors, and second, set a standard that
provides an "ample margin of safety," in which cost, feas1b1]1ty, and other relevant factors in
addition to health may be considered. The Agency’s methodology utahzes a multlfactor
approach which focuses on three measures of risk:

®  Maximum Individual Risk (MIR) - an estimate of the risk incurred by the
individuals most exposed to the effluent from a given facility. For -~
radionuclide NESHAPs, EPA estimated the lifetime fatal cancer risk that
would result from continuous exposure‘ over the individual’s entire lifetime. A
lifetime MIR of approximately 1 in 10, 000 (1E—04) is judged tobe :
presumptively acceptable.




K Incidence - an éstimate of the total number of health effects in the population =
-~ residing within 80 kilometers of the facilities in the source category.
‘ - Incidence is considered with other health nsk mformatron in judging

acceptablhty

o Risk Distribution - an estimate of the number of persons at a given level of
.~ MIR and the estimated fraction of the total namber of health effects expected '
. to be incurred in the population within each range of risks. As a goal, EPA
seeks to assure that as many individuals as poss1b1e are at an MIR of 1 in
1 m1]]10n (1E—06) or less.

Usmg these cntena, EPA found that the nsk from all actual fac:htles evaluated (both
- NRC-licensed facilities covered under Subpart I and uranium fuel cycle facilities that were
not at that time covered‘b'y a NESHAP) were acceptable. The evaluations based on
conservatively modeled facilities also met these criteria. While the highest doses estimated
for any actual facility in those assessments were within the range that the Administrator has
-determined to be safe, the total number of facilities and the diversity of the activities in -
which they are engaged resulted in some uncertainty that the facilities causihg the highest
individual doses had actually been identified and evaluated.
] . To vprovide the Administrator with enough information to determine whether the
NRC’s regulatory program protects public health with an ample margin of safety, the Agency
has performed (additional:dose estimates to provide a "snapshot" of current emissions and
doses. EPA has also analyzed the NRC’s regulatory program to determine if the program
can ensure that future emissions prov1de for the pubhc health w1th an ample. margm of
safety.

. For the large facilities prev1ously evaluated by EPA, updated emlssmns,
meteorological, and populatlon information was obtained and new dose estimates made” to A
. better account for previous limitations. Dose estimates were also performed for facilities that
had not been studied earlier but where concerns remained that radioactive em1ss1ons could
present significant risks. These analyses are called the Designated Survey.

For a more 'a_ccurate characterization of the-doses attﬁbutable to the many smaller
licensees that previously had been evaluated by using model facilities, EPA has taken a
statistical approach, based on-a random sample of a subset of NRC and Agreement State
licensees. Facilities that had already been evaluated by EPA and facilities that are only -
licensed to use sealed sources of radioactive materials were excluded from the subset of
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licensees to be surveyed. The random sample of licensees was selected from lists pfovided ' ’
by NRC and the Agreement States. As these lists included some facilities licensed to use
.only sealed sources, over-sampling was employed and all selected facilities that only use
sealed sources were excluded from the analysis. ‘From this random sample, mformatlon from
367 users of radioactive material was evaluated. The data needed to evaluate doses were
obtained by a survey form mailed to each randomly chosen facility, and doses were estimated
using the COMPLY computer code. These analyses are called the Random Survey.

1.3 PURPOSE OF THIS BACKGROUND INFORMATION DOCUMENT
‘ This BID provides background information from the Designated and Random S'ﬁrveys :
to assist the Administrator in determining whether the NRC’s regulatory program maintains

. radioactive emissions sufficiently low to protect the public health with an ample mai'gin’of
safety. This BID also includes a comparison of NRC and EPA regulations governing

airborne radioactive emissions and a detailed description of the Agency’s procedures and
methods for estimating radiation dose due to rad10act1ve emissions to the a:lr 'I'h1s matenal

is presented as follows:

° Chapter 2 - A description of the EPA regulations that limit the effective dose
equivalent to members of the general public and the method for determining
compliance with that dose limit. This chapter also summarizes the .
organizational and administrative controls 1mposed by NRC on materials
hcensees . .

L Chapter 3 - A description of the annual doses resulting from emissions from
designated NRC licensees (the Designated Survey). This chapter also prov1des
the reasons for the selection of the des1gnated facilities.

L Chapter 4 - A description of the annual doses resultmg from emissions from
randomly selected NRC licensees (the Random Survey). This chapter also
describes the methods for ensuring the selection of a statistically significant |
random sample, data requirements for performing realistic dose estimates, and .
the statistical methods used to evaluate the raw data

° Chapter 5 - A descnpﬂon of the quality control measuree institufed to ensure a
high level of confidence in the results of the BID.

This BID also contains several appendices. Appendix A describes the organization of
NRC and its regulations. Appendix B describes various NRC Regulatory Guides pertinent to’
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radioactive emissions and exposure control. Appendix C describes the various ]iCensee

~ activities for which an NRC or Agreement State license is retluired. Appendix D .ic’lentiﬁes
" the types of facilities selected for the Random Survey. Appendix E describes quality
assurance requirements for nuclear power plants and fuel reprocessing plants. Appendix F
lists the NRC Agreement States and contact persons Appendix G contains a copy of the
questionnaire sent to the randomly selected facilities to obtain site-specific information. »
Appendix H d1scusses the assumpuons used in the dose calcula’uons performed

1.4 - SUMMARY S

The major ﬁndmgs of this BID for NRC—hcensed facilities other than nuclear power
reactors include: :

1. The highest dose found in the Random Survey was 8 mrem/yr from all radionuclides
- and 0.7 mrem/yr from radioiodines. The highest dose found in the Designated -

' Survey was 8 mrem/yr from all nuclides and 1 mrem/yr from radioiodines. This
indicates that, in general, the doses being received by the members of the public at
greatest risk are lower than the NESHAP standard established by the Administrator

~ (10 mrem/yr ede with not more than 3 mrem/yr ede caused by radioiodines).

2. Because the doses received by members of the public vary from year to year for any
given facility, a trend for all facilities could not be established from the available v
data. However, 'NRC regulatory requirements have‘ iaecome more stringent over time,
" and it may be inferred that this will result in a downward trend in future airborne
releases. ’

3. NRC begins to consider doses received by the public from radioactiVe effluents at the

- time of license application and continues to evaluate the potential for effluents to '
cause doses in excess of regulatory limits throughout a facility’s lifetime. The
strmgency of NRC’s requirements varies with the potential of licensed fac1ht1es to
place the health and safety of the public at risk. However all facilities must comply
with the ]Jmlts established in 10 CFR Part 20, Standards for Protection Against
Radiation, and fuel cycle facilities must also meet the requirements of 40 CFR 190
‘Environmental Radiation Protectlon Standards for Nuclear Power Operations.




4. NRC has recently amended the requirements in 10 CFR Part 20. The amendments,
consistent with Federal guidance and the International Commission on Radiologieal
Protection ICRP), establish a risk-based system of dose limitations. For members of
the general public, the amendments lower the maximum perm1ss1b1e dose to
100 mrem/yr total effective dose equivalent (tede) from direct radiation and exposure
to gaseous and liquid effluents. The derived air concentrations (DACs) that may be
used to demonstrate compliance with the 100 mrem/yr tede limit are based on
50 mrem/yr tede to account for multiple pathways |

5. The Part 20 amendments also establish the requirement, previously just guidance, that.
all licensees conduct operations in a manner such that doses to both workers and
members of the public are as low as is reasonably achievable (ALARA).! Revised.

- Part 20, although still allowing a higher maximum permissible dose than the
NESHAP, is more restrictive than the regulations that have resulted heretofore in ,

~ actual doses to members of the public below the NESHAP limits. For this reason,
the NRC program should result in future emission levels no thher than current
emissions levels.

Based on the results obtained from the Random Survey of NRC-licensed facilities, the
vast majority of facilities (over 99.5 percent) are not causing doses greater than the NESHAP
standards of 10 mrem/yr ede from all radionuclides with not more than 3 mrem/yr ede from
radioiodines. In fact, the majority (> 95 percent) have emissions that result in doses of less
than 1 mrem/yr ede. - Based on statistical considerations, EPA expects that 14 facilities out of
approximately 6,000 may cause doses in excess of the NESHAP standard.

Estimated doses from the Designated Survey and the Random Survey are summanzed
in Table 1-1.

AN

! Per 10 CFR 20, ALARA is an acronym for "as low as is reasonably achievable" and means making every
reasonable effort to maintain exposures to radiation as far below the dose limits in 10 CFR Part 20 asis
practical, consistent with the purpose for which the licensed activity is undertaken. ‘The requirement takes into
account the state of technology, the economics of improvements in relation to the state of technology, the
economics of improvements in relation to benefits to the public health and safety, and other societal and
socioeconomic considerations, and the value of ut:nhzmg nuclear energy and hcensed matenals in the public
interest.
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Table 1-1. Sumniary of estimated doses.

Designated B ‘U-Fuel Cycle‘ U-Mills & Taiﬁngs -2 : N/A
. Survey . - ‘ - — —
" UF; Conversion - -7 N/A
(Wet Cycle) ' :
Fuel ’ 6E-02 | NA
Fabrication ‘ :
Test and Research Reactors 4 N/A
Radiopharmaceutical Manufacturers 5. 2E-01
Hospitals and Medical Research Facilities 8 1
Manufacturers of Sealed Sources ' 4 N/A
Depleted Uranium Munitions ' ~ 6E-04 N/A
Rare Earth Processors =~ 2 ’ N/A -
Commercial Low-Level Radloactlve Waste 1 7B01 1 - 7E-01
v . Dlsposal and Incmeratlon
Random Survey? | - - - 8 TE01
1.+ 'This value is estimated for a facility not yet des1gned or bmlt The highest dose from an operatmg‘
- facility was 7E-03 mrem/yr. -
2. With 95 percent assurance, the 99.6th percentile: 6f the distribution of d'dses from these facilities
does not exceed 8 mrem/yr, where 8 mrem/yr ede is the highest dose estimated for all the facilities
. in the sample. Radioiodines contributed a very small fraction to the effective dose’ eqmvalent of
the maximally exposed individuals. o )







2. Description of Regulatory Programs

This chapter briefly summarizes the organizational and administrative controls
1mposed by EPA and NRC on licensees for establishing emissions controls and for assuring
, that emissions are not likely to mcrease in the future. A much more detailed -description of
the NRC program can be found in Appendlx A and supplementary information is contained
in Appendlces B, C and E :

2.1 THE‘ EPA’S REGULATORY PROGRAM UNDER THE CLEAN AIR ACT
2.1.1 Rgu irements

'EPA regulations limit the effective dose equivalent (ede) to any member of the public
to 10 mrem/yr from all airborne radionuclides with no more than 3 mrem/yr from
radioiodine. EPA does not license facilities; instead, each fac1hty is required to prepare an
annual report evaluatmg the doses from its emissions to the most exposed member of the

- public. To minimize the burden on small users of radioisotopes, EPA does not require the
- report to be filed with EPA if the estimated dose is less than 10 percent of the standard.

EPA has provided a number of methods for the user to demonstrate compliance with
the standard. - They range from very simple to fairly comphcated ‘They are all based upon
_ the methods developed by the National. Council on Radratlon Protection and Measurements

(NCRP). ' :

- 2.1.2 Methods for Demonstrating Cornpliance

In 1986, the NCRP published Commentary No. 3, "Screening Techniques for
Determining Compliance with Environmental Standards," in response to a need indicated by
EPA for simple methods to assess compliance with the NESHAPs (NCRP86). Commentary
No. 3 was revised in January 1989. EPA—approved methods for demonstratmg compliance
with the NESHAPs are all based upon the January 1989 revision. In addition, EPA allows
the use of other methods for demonstratmg comphance prov1ded they have been approved
' by the Agency :
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The EPA-approved methods form a tiered set of procedures, ranging from very
simple to moderately complex. They are intended to suit the needs of all types of facilities,
ranging from those with simple operations involving only small amounts of rad10act1v1ty to
those having complex operations involving large amounts of radioactivity. |

The simplest procedures can be carried out ﬁsing only a hand calculator; the most
complicated one requires a computer. All of the procedures have been put into the computer -
program COMPLY, which is available from EPA. COMPLY has been designed to be user-
friendly and even at the highest level (the most complex method) reqhir_es a minimum amount
of input. ‘

If the licensee is unable to demonstrate compliance using one of the simpler
procedures, the licensee is allowed to go to a more complicated one. If the licensee cannot
demonstrate compliance at the highest level, the licensee must report that fact to EPA.
Facilities in compliance must file an annual report with EPA unless their estimated doses are
less than 10 percent of the limits. The EPA-approved compliance procedures are as follows.

L Level 1 - Possession Tables. This is the simplest method and is intended for
use by licensees who do not monitor their emissions. The licensee computes
the ratio of the annual amount of each radionuclide used to a standard Value |
for the rad:lonuchde The licenseé then sums these ratios, and if the sum is
less than one, compliance with the dose standard is demonstrated.

® Level 1 - Concentration Tables. This simple method can be used by licensees.
who measure their stack concentrations. The licensee computes the ratio of
the measured stack concentration of each radionuclide to a standard value for
that radionuclide. Compliance with the dose standard is demonstrated if the
sum of the ratios is less than one.

L Level 2. . This corresponds to Screening Level 2 of NCRP Commentary No 3.
It requires such information as the release rate of each radionuclide, the
release height, the building dimensions, and the distance from the point of
release to the nearest receptor. It may also require some information about the
size of the stack or vent. - If the release rates are not measﬁxed, EPA has -
provided simple methods to estimate them. If desired, the licensee may supply
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the annual wind speed or use the default value of 2 meters/ second If the dose

is less than 10 mrem/yr from all radionuclides and 3 mrem/yr from
radioiodine, the hcensee isin comphance with the dose standard

® Level 3. Tms corresponds to Screemng Level 3 of NCRP Commentary No 3 -
. In addition to the mformatlon needed at Level 2, it requires the user to supply
the distances to the nearest farms producing vegetables, milk, and/or meat. If
the dose is less than 10 mrem/yr from all radionuclides and 3 mrem/yr from
radioiodine, the licensee is in compliance with the dose standard.
° Level 4. This is the highest level. It is based upon the methods of NCRP'
| Commentary No. 3, but with some differences, the principal one being the
optional use of a wmd rose. At the other levels, it is assumed that the wind
blows from the source toward the receptor 25 percent of the time; if the
licensee supplies a wind rose, the actual frequencies for the 16 sectors are used
- along with the actual wind speed in each sector. The licensee must supply
 distances to receptors in each of the 16 sectors. COMPLY then determines
“which of these receptors receives the highest dose. If the dose is less than
10 mrem/yr from all radionuclides and 3 mrem/yr from radioiodine, the-
~ licensee is in‘comp]iance with the dose standard.

Levels 1-3 are s1mp1e enough to carry out w1th a hand calculator instructions are
contained in EPA89a Level 4 must be camed out using the COMPLY code on an IBM-
compatible computer :

The COMPLY code considers four pathWays of exposure: inhalation, ingestion,
immersion, and external exposure to surface contamination. Because it accounts for building
' wake effects, it is suitable for close-in distances. At distances beyond the recirculation zone ,
near a building, it uses a modified Gaussian plume model. It accounts for decay and in-

growth of daughter radionuclides during transit from the release point to the Ieceptor and the
farms, after being deposited on vegetation and soil, and after harvest, milking, or slaughter.
It also accounts for deposition of radioactivity upon food crops and forage and for uptake

. from the soil. At Levels 1-3, these processes are handled by pathway factors developed by
the NCRP; at Level 4 the calculatlons are done exph01t1y




2.2 THENRC’S REGULATORY PROGRAM UNDER THE ATOMIC ENERGY ACT

The regulatory programs established by NRC are intended to satisfy its statutory
obligations under the Atomic Energy Act of 1954, as amended, to protect the health and
safety of both workers and members of the public. NRC implements its programs either
directly through licensing and inspection of facilities, or through the Agreement State
program, in which NRC relinquishes its regulatory authority for most facilities to the states.
Agreement States perform the licensing and inspection functions.

Facilities are regulated under Chapter 1 of Title 10 of the Code of Federal ‘
Regulations (10 CFR) and are licensed by NRC according to the type of radioactive material '
that they use or possess and/or the type of activity in which they are engaged: The five |
major types of licenses affected by Subpart I are: Parts 30-39 Licenses for specific uses of
byproduct material;? Part 40 Licenses for source material (unenriched uranium or thorium);
Part 50 Licenses for production and utilization facilities (reactors and reprocessing plants);
Part 61 Licenses for land disposal of low-level radioactive wastes; and Part 70 Licenses for _
special nuclear material (plutonium and enriched uranium). Licensees are subject to the
specific requirements established by the CFR part under which they are licensed and the
generally applicable requirements established in other parts. of Chapter’I of Title 10 of the
Code of Federal Regulations, such as 10 CFR 20. The vast majoﬂty of licenses are for
activities using byproduct material regulated under Parts 30-39. ‘

The NRC’s regulations limiting routine radionuclide airborne emissions are contained
in 10 CFR Part 20, Standards for Protection Against Radiation, which applies to all
licensees. For members of the public, the basic dose limit was fecently amended to limit
individual exposures to 100 mrem/yr total effective dose equivalent (tede). The 100 mrem/yr
limit includes direct radiation and doses from both gaseous and liquid effluents. In addition,
recent amendments to Part 20 require that all licensees implement 2 radiation protection

2 Byproduct materials are man-made radioactive materials (except special nuclear material) produced or
made radioactive by exposure to the radiation incident to the process of producing or utilizing special nuclear
materials such as in a nuclear reactor. Byproduct material does include activation products from nuclear
reactors and from plutonium-beryllium (Pu-Be) neutron sources, but does not include activation products from
other neutron sources such as Cf-252 or accelerators. Byproduct Material Licenses are issued to educational
institutions, medical facilities, industrial facilities, and individuals for the possession and use of byproduct
materials and radionuclides for teaching, training, research and development, manufacturing, equipment
calibration, medical research and development, medical diagnosis and/or therapy. o
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| program' that keeps exposures as low as is reasonably‘ achievable (ALARA). | Fofmerly, this -
stated that other facilities "should" attempt to maintain exposures and effluents ALARA
The revisions to Part 20 must be implemented by all licensees prior to January 1994.

In support of the Part 20 amendments, NRC issued draft Regulatory Guide DG-8013,
"ALARA Levels for Effluents from Materials Facﬂmes, " in October 1992. This document
provides guidance to Licensees on des1gmng and implementing an acceptable program for |
estabhshmg and mamtammg ALARA levels for gaseous and 11qu1d efﬂuents at materials
facilities. The guide also states that, based on practical experience, an ALARA goal of about
10 millirem per year should be ach1evab1e by most hcensees :

In addition to complying with the 19 CFR Part 20 limits, licensees must comply with
license conditions, which are often tailored to individual facilities. : Also, licensees that are
part of the nuclear fuel cycle muS\t comply with the EPA standard established in 40 CFR Part

190, Environmental Protection Standards for Nuclear Power Operations. Part 190 requires. -

- that the doses to real md1v1dua1s from all uranium fuel cycle sources, con51dermg all gaseous
and liquid effluent pathways and direct radiation, not exceed 25 mrem/yr to the whole body .
or any organ except the thyroid, for which the dose limit is set at 75 mrem/yr.

The NRC’s licensing prograi;l can be best understood as a "tiered" or "graduated”
prog‘rzim based on the potential haiards associated with the types and"quantities of radioactive ,
" materials used and the activities authorized. The greater the potentlal hazard, the more -

stringent the requu'ements In general the licensing procedures requlre the apphcant for a
license to: :

- ®  list the activity or activities’for which a license is sought;

o 1dent1fy the facxhty or pOI‘thIlS of the facﬂ1ty where the hcensed ‘materials will
' be used including a description of all engmeered controls; - '

®  identify the training and quahﬁcatlons of the persons authonzed to use the
material, and/or of the radiation safety ofﬁcer de51gnated to oversee hcensed
activities;

o descnbe the procedural controls to be employed to assure contamment and
phys1ca1 protectlon of the radioactive materials;

®  establish the 11m1tmg conditions for opemuons; and

~ @ implement eenﬁrmatery monitoring and/or radiation surveys.
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The degree of specificity in the license application, the extent of application Teview,
and/the extent of license conditions imposed are all related to the potential hazards associated
with the activity. Fuel cycle and other "laxg;e"i facilities must meet the most stringent
requirements (NRC does not défine "large" licensees, but in general, large licensees are
those required to submit the data needed to prepare an Environmental Impact Statement or
Assessment at the time of license aﬁp]ication or renewal). Other licensees (predominately
research and medical facilities holding byproduct licenses issued under Parts 30-39) must
meet somewhat less detailed. obligations but must still provide the bas1c information listed
above.

In the case of these “other” licensees, where the ‘potential for airborne releases of
radioactive materials is small, continuous effluent monitoring requirements are usually not
imposed, but periodic confirmatory measurements must. be made. If the potential for releases
is more substantial, requirements will include both stack monitoring and conﬁrmatory
environmental sampling and analysis. The recent amendments to Part 20 include .
requirements detailing how licensees are to demonstrate compliance with the annual dose
limit. These amendments also require that all licensees retain the records needed to confirm
that dose limits have not been exceeded until thie license is terminated. . Periodic oﬂsite
inspections are conducted to confirm that the licensee has operated the facility in full
compliance with the applicable regulations and license conditions. For byproduct material
licensees using non-sealed sources, inspections are conducted approximately every one to
seven years, depending on the quanﬁfy of material possessed, the type of activity conducted,
and the priority assigned by NRC. Priority seven licensees rece1ve an initial inspection and
are only inspected again if a particular problem arises.

2.3 COMZPARISON OF THE NRC’S REQUIREMENTS WITH THE NESHAP

The NESHAP estabhshed in 40 CFR 61, Subpart I, requires NRC-hcensed facﬂ1t1es
to determine compliance with the 10 mrem/yr (no more than 3 mrem/yr from radioiodines)
dose limit annually. Facilities are required to maintain records of their calculations and
supporting data; if the calculated doses exceed 10 percent of the standard, they must file an
annual report with EPA. Facilities seeking to build a new source must prepate and submit
an application for construction approval if the estimated doses from the source equal or
exceed 10 percent of the standard. Facilities seeking to modify an existing source must -
prepare and submit an application for construction approval if the doses from the proposed '
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modification are equal to.or greater than 1 percent of the standard or if doses from the entire -
facility, including the modification, are equal to or greater, than 10 percent of the standard.

Because the Designated Survey (Chapter 3) and the Random Survey (Chapter 4)
_evaluate facilities Whose operations are restricted by the pre-existing 10 CFR 20, it is
appropriate to compare the NESHAP to the pre-existing standard as well as the revised
~ version. Table 2-1 compares the NRC’s requirements for both fuel cycle and other large
 facilities and other licensees and the requn‘ements of the NESHAP.

As detailed in Appendix A, the pre-revision" Part 20 required large licensees to
develop'and report extensive data on their effluent releases and to be subject to extensive
confirmatory inspections However, of the approximately 6,000 facilities in the study
populatlon only a tiny fraction are large licensees. In addition to 150 fuel cycle facilities;

- there are perhaps another 50 large materials licensees. Other NRC licensees are, not required
to estimate doses to members of the public, nor are they required to calculate routinely and
report their compliance with the derived air concentrations (DACs), formerly called '
maximum permissible concentrations (MPCs), of radionuclides for unrestricted areas.

- However, these small licensees do develop. and maintain most of the data needed to
determine compliance with the limits imposed by the NESHAP and to prepare an apphcation
for approval to construct or modify

Discussions with pers’onnel at medical and research facilities indicate that seldom, if
ever, will an applicant propose DACs greater than those established by 10 CFR PaIt 20.106.
Thus, the DACs for unrestricted areas are the de facto limits. for these hcensees However,
because licensees typlcally assess these concentratrons in the stack, the concenttatlons in open
areas are lower due to d1spers10n

This notwithstanding, the basic limits imposed by NRC via either the old or new Part
20 are less restrictive than those imposed by the EPA’s NESHAP. Other differences
between the NESHAP and the pre—e)':isting‘PartIZO are primarily due to two differences in the
methodologies used by NRC 'and‘EPAl to estimate dose. The first is that the NRC’s MPCs
are based primarily on the inhalation pathway. By contrast, EPA concentrations consider
doses received via the i immersion, inhalation, ingestion, and ground-surface pathways. The
second difference is that NRC’s MPCs are based on ICRP I recommendatlons, and EPA’s

- are based on ICRP 26 and 30. W1th the revision to Part 20, the differences between NRC

and EPA are 1essened since the new Part 20 uses ICRP 26 and 30 methodology




Table 2-1.

Regulatory - :

Summary of regulatory requirements

based on safety
implications, corrective
actions, fines, orders,
license revocation;
citizens may petition
NRC to enforce, but if
the EDO does not
agree, no action is
taken.

facilities.

facilities not in
compliance; citizens
may take legal actions
(CAA, Section 304) to
compel compliance.

Activity .| ‘Large NRC Licensees | - for Other Ticensees i f - BPA'S NESHAD -

Licensing or Environmental report, Facility design Facility design, effluent | No chaxige,

Approval safety analysis report, handling/use controls, quantities of
ALARA design procedures, possession | material by chemical &
review, technical limits. physical form, ‘dose
specifications estimate, but only if >

. 10 percent of limits

Dose Limit Per technical Per license condition 10 mrem/y, not more 100 mrem/y total ede
specifications. For or limits in 20.105 & | than 3 mrem/y due to to any member of the
fuel cycle facilities 25 | MPCs in 20.106 radioiodines. public. Doses from
mrem/y whole body or : direct radiation, liquid
any organ (75 mrem/y " and gaseous effluents
thyroid). must be counted.

: Dose rate must be less
" than 2 mrem/hr.
Licensees subject to 40
CFR 190 must comply
with that standard in
addition to NRC

Records Results of surveys, Results of surveys, Effluent fnonitoring ' All licensees must
effluent monitoring, material receipts, data or annual retain records needed
environmental ventilation rates. possession of materials | to demonstrate
measurements, dose data used to determine compliance with dose
calculations for 40 compliance. limits until license is.
CFR 190 compliance. terminated.

Reports Quarterly or semi- Exposures or releases Annual dose As before, except any
annual source terms, | greater than 10 times calculations if greater exceedence of dose -
and environmental 20.105 or 20.106. thari 10 percent of limits must be reported
monitoring results, limits. within 30 days.
annual dose report for : ’

40 CFR 190
compliance.
! Inspections Annual or resident Once, or once every 1 .| Under development. No change.
inspectors, follow-up to 7 years, depending
on previous violations. | on type of license and
activities conducted. -
Enforcement Five violation levels Same as for large Monthly reports for - No change.




2.4 N"RC—LICENSED FACILITY PROGRAM ANALYSIS

The NRC’s programs for "Fuel Cycle and Other Large Facﬂ1t1es" prov1de regulations
to limit airborne radionuclide emissions to the atmosphere. As described in Appendix A, the L
NRC’s requn'ements for facility de51gn, environmental impact assessment, and safety analysis
" (10 CFR 30, 32, 33, 35, 39, 40, 50, 70), together w1th a comprehensive enforcement and
' mspectlon program prov1de reasonable assurance for the protection of the public.

In reviewing the regulatory program for " other faci]ities, " several observétions are
notable. First, other facility licensees, although required to evaluate their compliance with
the DACs established by the revised 10 CFR Part 20 (Appendix B to 10 CFR 20.1001-
20.2401), need not submit their calculations to NRC for review, even at the time of initial
- apphcatlon Second ALARA requirements apply to all licensees and to emissions from the
“facility as well as to workers. ‘Third, with respect to releases of radioactive materials, the
only reporting Tequirement 1mposed on these licensees is to notify NRC if concentrations ,
exceed 10 tlmes the a]lowable DACs S . r o ‘ N

Although the monitoring and mspectlon process for these facilities are relatively
infrequent, NRC requires the facility to keep the concentrations of radioactive materials in
“effluent air at or below the levels of the DACs. The NRC or Agreement States often
‘recommend that the’liéen?e applicant use a more conservative approach in calculating
. potential airborne effluent concentrations released in the exhaust system or at the stack. In
genéral, a "10 percent at the stack” rule is recommended as the starting point of the
estimation (NRC84a). This approach lowers the total effective dose equivalent to individual
, members of the public res1dmg close to the institution. In addition, it reduces the potential
of exceedmg the regulatory limits set forth in Table II of Appendix B to 10 CFR Part 20
even in the event of minor operational errors.

- The airborne efﬂue_nt concentrations at the release point of the emission are used to
- estimate the total effective dose equivalent to the public at the receptor locations which are
_farther away (rangmg from several hundred feet to several miles). However, the estimation
does not usually take into account the effluent dispersion and dilution factors in the
atmosphere These factors will make the dose lower. - On the other hand, the NRC’s DACs
~ only calculate the dose from inhalation and immersion and do not take into account the dose:
from ingestion or ground deposition. In some cases, these may be the major pathways.
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The NRC’s and the Agreement States’ regulatory prdgrams contrqi the use of
radioactive byproduct material. The programs also provide a regulatory mechanism to limit
airborne radionuclide emissions to the atmosphere from research and development facilities,
manufacturing facilities, and medical institutions. However, because effluents are not
actually measured by stack instruments, NRC must rely on the licensees’ administrative
programs for assurance that concentrations of radioactive materials in effluent air do not ‘
exceed the levels of the DACs.

Given the lack of monitoﬁng requirements for these facilities, the lack of guidance on
appropriate assumptions for releases of materials that are not handled as gases or aerosols,
and the infrequent inspections at these facilities, EPA decided to conduct an analykis of the
doses caused by these facilities to judge the adequacy of fhe NRC'’s program. |




3. Results of Designated Survey of NRC—Licensed Facilities

This chapter updates the emissions and doses from a small group of actual NRC-
Ticensed facilities (those included in the Designated Survey) that are currently lsubject to the
: 'Subpart I NESHAP. These facilities belong to the following source categories: uranium fuel
cycle (Sectton 3.1), test and research reactors (Section 3.2), rad10pharmaceut1ca1 and '
radiolabeled compound manufacturers (Section 3.3), large hospltals and medical research
facilities (Section 3.4), manufacturers of sealed sources (Section 3. 5), depleted uranium
munitions test sites (Section 3.6), rare earth and thorium processors (Section 3.7), and
4 “commercial low-level radioactive waste disposal and'incineration'facilities (Section 3.8).
Most of the facilities in the Designated Survey were analyzed by EPA. (EPA73‘a,K EPA73b,
EPA78, EPA79, EPA82, EPA83, EPA84, EPA86, EPA89) prior to the reconsideration
period. In this study, several of the source categories are evaluated in greater detail than in
prev1ous studles '

The facilities in the Designated 'Survey were selected based on expert opinion that
they had the greatest potential for causing the highest doses. It was believed that if the
~ evaluation of these facilities demonstrates that the public health andsafety is protected with
an ample margin, the same can be concluded about smaller facilities. To be certain that it
has identified those facilities causing the greatest dose to a member of the general public,
" EPA designed and conducted the Random Survey, the results of which are presented in
' Chapter 4. Appendix D describes in more detail the types of facilities evaluated in the.
random survey

'The Designated Survey updates previous analyses to improve the accounting for
(a) the wide diversity of facilities, (b) the limitations in the available database, and (c) the
- limitations of dispersion models for evaluating certain facilities. This analysis draws upon
and updates previous evaluations and incorporates revisions to the estimates based on new .
information developed durmg the pubhc comment period. Because this BID draws upon all
past work and provides new mformatron ‘it represents EPA’s most recent and ‘comprehensive
analysis of the doses caused by these facilities.

'Current information used in evaluating doses was obtained through research of
hcensee dockets contained in the NRC Public Document Room (PDR), responses to formal, -
antten quesuonnaJres EPA studies conducted since EPA89 (EPA91, EPA92), and telephone
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interviews with the licensees. In all cases, available .facility information was reviewed to
ascertain the potential for significant airborne emissions. Potential doses were evaluated for .
activities where potential existed for a facility to exceed the Subpart I NESHAP dose limits.
The results demonstrate that all NRC licensees examined as part of the D_e51gnated Survey
are currently meeting the standard. The dose estimates are summarized in Section 3.9. |

For each source category, this chapter presents the results of prior studies (up through
and including the 1989 NESHAP studies), studies that have been undertaken since the 1989
NESHAP studies but before this study, and the results of this study, the Designated Survey.

-

3.1 URANIUM FUEL CYCLE FACILITIES" -

Uranium fuel cycle facilities consist of: m111s that extract uranium from ore and their
accompanying tailings piles; conversion facilities that chemically convert uranium feed from
the mills (yellowcake) to uranium hexafluoride; the enrichment plants (owned by DOE but
not regulated by NRC) that enrich uranium in the uranium-235 isotope; fuel fabrication
facilities that convert uranium from the hexafluoride to an oxide form, pelletize the uranium,
and incorporate it into fuel rods for power reactors; pressurized-water and boiling-water
power reactors; spent reactor fuel storage and disposal facilities; and, although none are
currently operating or envisioned, fuel reprocessing plants that recover residual fissile
material (uranium and plutonium) from spent fuel. This section presents the results of the
current evaluation of airborne emissions from uranium mills, uranium hexafluoride
conversion facilities, light water reactor fuel fabricators, and spent fuel storage. Dose
estimates are presented for each source category analyzed and are summarized in Section
3.9. Emissions from power reactors are covered in another analys1s for a separate
rulemaking (EPA91).

3.1.1 Urapium Mill Tailings

Uranium mills extract uranium from ores which contain only 0.01 to 0.3 percent
U;0;. The product of the mills is shipped to conversion plants where it is converted to
volatile uranium hexafluoride (UF,) which is used as feed to uranium enrichment plants
Emissions of radon from this process are regulated by separate NESHAP standards,
Subpart T for disposal of tailings and Subpart W for operating mill tailings.




. 3.1.1.1 Previous Evaluations. EPA’s most recent analysis (EPA89) of uranium miils
focused on mills with dry tailings p11es that were either operating or on standby. The study
‘also included analys1s of a generic model mill to assess the dose and risk from tailings piles
at mills that are either decomm1ss1oned or undergomg decommlssmnmg The maximum dose
calculated for an operatmg mill Was for the Homestake Mill. The dose from process exhaust
was 12.8 mrem/yr ede and the dose from the tailings pile was 0.95 mrem/yr ede.* The dose .
obtamed for the mo_del mill’s tallmgs pile was 25.8 mrem/yr effectlve dose equlvalent (ede). ‘

- 3.1.1.2 Evaluatlons of Spemfic Facilities Made Durmg the Reconsideration Period. Smce
the dose reported in EPAS9 for the model mill’s tailings exceeded the Subpart I NESHAP
dose limits and since the schedule for remed1at10n of mill sites may change, EPA decided to

. look at all mills w1th exposed piles. EPA, NRC, and affected Agreement States have entered
| mto a Memorandum of Understandmg (MOU) (56 FR 67564) addressmg the schedule for
remediation of non-operatmnal tailings piles. The objective of the MOU is to assure the
installation of an earthen cover at all current disposal sites by the end of 1997, or w1thm

7 years of when the existing operating and standby sites enter disposal status.

Doses from mill process exhausts have not been re-evaluated because Homestake Mill '
has ceased operations, and the dose from all other operating mills evaluated in EPA89 were
all less than 0.3 mrem/yr ede which is below the Subpart I NESHAP dose limit.

Table 3-1 lists all NRC-licensed mill sites that cu'rrently have exposed tailings.  This
‘evaluation utilizes the most recent information on dry tailings areas and radium-226
 concentrations. These data were obtained from the NRC Public Document Room, from
~ NRC’s Uranium Recovery Field Office, and from conversations with cognizant personnel in
. EPA’s Regions 6 (Phil Shaver), 8 (Ed Kray), and 10 (Leo Wainehouse) between July and
August 1991. Demographlc and meteorologlcal data were taken from EPA89 Based on the
‘ demograpmc data, assumptions were made concerning the placement of farms. These:
assumpuons are consistent w1th those made in the Random Survey portlon of the study

3 The dose of 12.8 mrem/yr was estimated prior to Homestake’s commitment to install ye]lowcake drying -
and packaging scrubbers. Given a decontamination factor of 10 for scrubbers, the prospects were good for
future emissions to be below the NESHAP limit of 10 mrem/yr. Homestake has since ceased operatlons and is

,bemg decommissioned. .
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Source Term Determination

B EPA derived airborne source terms for exposed tailings using site meteorology taken

~ from EPAS9 and the methodology suggested by NRC in Regulatory Guide 3.59 (NRCS87).
Table 3-1 presents these source terms. Thorium-230 is assumed to be in equilibrium with
rad1um—226 lead-210, and polonium-210. Uramum—238 is assumed to be in equilibrium with
- uramum-234 ' ' -

Meteoi‘blogjc, Demographic, and Agg'culmral Data

Table 3-1 presents the source of meteorological data used as input to the calculations-
* and the distances to the nearest residents that were used as input to COMPLY. These data
were taken from EPA89. The stablhty array meteorologmal data were converted to wmd
roses for use by the COMPLY. code.

Demographic data were taken from EPAS89. If these data place& the nearest resident
within 2,000 m of the site, vegetables were assumed to be grown at home. Otherwise, the
_ distance to the vegetable farm used for the dose analysis was 2,000 m. Meat- and milk-
'producmg farms were placed at 2,000 m. These assumptlons were used to maintain-
consistency with the Random Survey portion of th1s study
3.1.1.3 Results of the Designated Survey for Uranium Mill Tailings. The results show that
" using updated estimates of windblown releases from dry taifings piles, the maximum ede
calculated using COMPLY is 2 mrem/yr.. This dose is pnmarﬂy from the inhalation and -
ingestion pathways. This dose is calculated for the resident exposed to the hlghest offsite
concentration around the Petrotomics facility in Medicine Bow, Wyommg The results for
other facilities with dry tailings piles range from 0.008 to 1 mrem/yr ede. Results for all
evaluated facilities are presented in Table 3-16, located at the end of this chapter.

2

3.1.2 Uranium Cen\{ersion Facilities .i

A uranium conversion facility converts uranium oxide ‘(U308 or yellowcake) o .
purified u;anium hexafluoride (UFy). Uranium hexafluoride, which is volatile at slightly
elevated temperatures, is the chemical form in which uranium enters the enrichment plant.




3.1.2.1 Previous Evaluations. Currently, two commercial uranium hexafluoride (UF,)
production facilities are operating in the United States, the Allied Chemical Corporation
(Allied-Signal) facility at Metropolis, Iilinois, and the General Atomics facility in Sequoyah,
Oklahoma (formerly owned by Kerr-McGee Nuclear Corporatlon) Both facilities were .
evaluated in EPA89. The doses calculated for the Sequoyah and Metropohs facilities were
3.6 and 2.2 mrem/yr ede, respecuvely

3.1.2.2 Evaluations of Speciﬁc Facilities Made During the Reconsideration Period. Both
the Sequoyah and Metropolis uranium hexafluoride production faci]ities were included in the
Designated Survey. In support of this evaluation, the licensees ‘supp]ied information on the
location of the closest receptor in each of 16 compass directions and the distance to the
nearest vegetable-, meat-, and milk-producing farms. All other parameters used in this study
are the same as those used in EPAS89.

Source terms and solubility classes used in this study and in EPAS9 aIev e.verages of
the measured releases for each facility for 1984 through 1987. These data, which were
originally reported in sem1—annua1 envu'onmental monitoring reports to’ NRC are presented in
Table 3-2. : :

The plant parameters used in this study and originaily in EPA89 were taken from
NRC84 and NRC85b. For Allied-Signal, the stack height used, 24 m, is an average of all
release points for that plant. The same stack height was used for the Sequoyah facility. A
stack diameter of 0.16 m was used for both facilities. ‘

Meteorologic. Demographic, and Agricultural Data

The stability array meteorological data used in EPA89 were converted to wmd roses
for use by the COMPLY code. ( : .

Site-specific demographic data locating the closest receptor in each of 16 directions
were obtained from the licensee for each facility. The nearest individual at both facilities is
assumed to produce vegetables at home. In both cases, the nearest milk-producing farm is |
located at greater than 2,000 m. Therefore, to be consistent with the assumptions used in the
Random Survey stfldy, both milk-producing farms were placed at 2,000 m.

3-6




- Table 3-2. Atmospheric radloactrve emissions assumed for reference dry and wet
process uranium conversion facilities

Allied Corp. U-Natural® .| o000 | s6 | 30 | 14 | NRC84
Metropolis, IL- Th-230? ‘ 0.00050 | O 0 - 100 :
:  Ra-2262 000001 | O 100 0
Sequoyah Fuels U-NaturaP . 0.050 65 |. 5 30 . NRC85b
Sequoyah, OK " | Th-230° , 0.005 0 . 0 100
' o ' Ra-226° ' 0.005 0. 100 | o
1. . Solubility classes D, W, and Y refer to the retention of inhaled radionuclides in the lungs;

representative half-times for retention are less than 10 days for class D, 10-100 days for claSs
W, and greater than 100 days for class Y ’

2. Particle size 3.4 pm.
3. Particle size (um) % (Average: 1980- 1984)
: 4.2 to 10.2 r : 9.3

2.1°to 4.2 , ) 9.7

1.3 to 2.1 5.5

0.69 to 1.3 : 6.5

0.39 to 0.69 : ' . 135

0.00to 039 55.3

. Data taken from NUREG-1157 (NRC85b).

The nearest meat—producmg farm is Iocated more than 2, OOO m from the A]lled-Slgnal
facility. Therefore, the meat—producmg farm was placed at 2,000 m for the COMPLY |
analysis. However, Sequoyah Fuels maintains a " stocker operation” in which cattle are
rotated through.different pastures to'achieve a desired weight gain prior to being shipped.to a
. feed lot. The nearest pasture used in this stocker operatron is located 244 m from the nearest

plant stack. : |

3.1.2.3 Results of the Designated Survey for the Uranium UF; Conversion Facilities. The

maximum ede calculated using COMPLY and current detailed demographic data is .

7 mrem/yr for the Allied-Signal wet process uranium conversion facility. This dose is
primarily from the inhalation pathway. The maximum ede calculated for the dry process

- uranium conversion facility (Sequoyah Fuels Corporation) is 3 mrem/yr from the inhalation

- . and ingestion pathways In both cases, the most exposed individual is a resident located

approximately 700 m from the facility.




3.1.3 Fuel Fabrication Faci]ities

There are two basic types of fuel fabrication plants those that produce fuel
assemblies for light water reactors and those that produce fuel assemblies for test and
research reactors. In either case, the raw material is pellet:lzed encased w1th metal, and
formed into assemblies. ‘ ‘

~ 3.1.3.1 Previous Evaluations. c o K

Non-Light Water Reactor (LWR) Fuel Fabrication chi]ities None of the facilities in
this category were estimated to cause doses greater than 1 mrem/yr ede to nearby individuals

(EPAR9).

LWR Fuel Fabrication Facﬂmes Table 3- 3 lists the seven hcensed uramum fuel
fabrication facilities in the United States that fabricate commercial LWR fuel. Of the seven,
only five had active operating licenses as of January 1, 1988. Of those five facilities, two
use enriched uranium h‘ex‘aﬂuoridev to produce completed fuel assemblies and two use
uranium dioxide. The other facility converts UFs to UO, and recovers scrap materials
generated in the various processes of the plant. ‘

Tn EPAR9, the site characteristics used in the assessment of the reference fuel
fabrication facility were drawn from'avcoxnbination of the Westinghouse (Columbia, South
Carolina) and General Electric (Wilmington, North Carolina) facilities.. This is appropriate
since all phases of fuel fabrication (i.e., both ammonium diuranate wet process and direct-
conversion dry process conversion of UFg to UO,, mechanical fabrication of fuel assembhes,
and scrap recovery) take place at these sites. The dose calculated for this model fuel |
fabrication facﬂlty was 0.27 mrem/yr ede. ~

3.1.3.2 Evaluations of Specific Faci]ities Made During the Reconsideration Period.

WR) Fuel Fabncatlon Facilities. For non—LWR fuel
' fabncators the doses were found to be very low (EPAS9). Consequently, evaluations of
these facilities were not updated. -

LWR Fuel Fabrication Facilities. The EPA89 study em1ss1ons data were developed

so that the model fuel fabrication facﬂlty assessed Would represent the boundmg case for
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LWR fuel fabricators. However, past evaluations of the "worst case” model facility did not
utilize detailed close-in, site-specific demographic data. During the reconsideration period,
EPA obtained and used updated demographics that located ‘the closest receptor in each of 16
compass directions for the Westinghouse fuel fabrication facility. The distance to the nearest |
vegetable-, meat-, and milk-producing farms was also obtained as pa;f of the Designated
Survey. All other data utilized in this study were taken from EPAS9.

Source Term Determination

.

Table 3-4 presents reported uranium effluents from 1983 through 1987 for each of the
fuel fabrication facilities with current operatmg licenses. These data, taken from EPAS9,
were originally reported in the semi-annual environmental momtormg reports submitted by
the facilities to NRC. The data in Table 3-4 show that the Westinghouse and General
Electric facilities have releases 10 to 100 times those of the Babcock and Wilcox and .
Combustion Engmeermg facilities. This is expected because the Westinghouse and General
Electric plants produce substantially more fuel and start the process with uranium
hexafluoride, while the other two facilities begin the fue] fabrication process with UO,.

The atmospheric radioactive emissions estimated to be released each year by the
reference fuel fabrication facility analyzed in EPAS9 are presented in Table 3-5. With the
exception of uranium-236, these values represent the geometnc mean of the reported effluent .
releases for the Westinghouse fuel fabrication facility for 1983 through 1987. The geometnc
mean best represents the radmactlve emlss1ons, since the sample d1stnbut10n is lognormal ‘

The value for uranium-236 is based on release data for 1983 through 1987 as reported.
in the semi-annual environmental monitoring reports submitted to NRC by the Géneral
Electric facility at Wl]mmgton North Carolina. The effluent release height used in this
analysis is 10 m (EPA89).

Meteorologic, Demographic, and Agricultural Infortnation

The chmatologmal data used ongma]ly in EPA89 are based on measurements taken at
the U.S. Weather Bureau Station at Columbia Metropohtan An'port in South Carolina _
(NRC85a). Sets of hourly meteorological data obtained from the airport for 1984 through
1986 were used to develop wind frequency distributions for stability classes A through F.
Those same stability arrays were converted to a wind rose for use with the COMPLY code.

3-10




Table 3-4. Light water reactor comrhercial fuel fabrication facilities reported annual
uranium effluent releases for 1983 through 1987 in uCi/yr.®

Babcock and Wilcox 1983 | 4.78+00-| 2.18:01 ‘| 2.1E02 | 1.1B+00-| 6.0E+00

Lynchburg, VA .| 1984 | 5.6E+00 | 2.5E-01 2.3E-02 1.3E+00 | 7.2E+00
SNM-116 , 1985 | 4.6E+00 | 2.1E-01 2.1E-02 | '1.1E+00 | 5.9E+00
70-1201 - o 1986 5.7E+00 | 2.5E-01 | 2.6E-02 1.3E+00 | 7.3E+00
1987 3.9E+00 | 1.7E-01 1.7E-02 9.1E-01 5.0E+00
‘Combustion Engmeenng 1983 | NA® NA. | NA NA 3.9E+01
‘Windsor, CT. 1984 | NA NA NA - NA 2.7E+01
SNM-1067 ’ 1985 NA NA -NA NA 4.9E+01
70-1100 1986 NA NA NA NA - 5.5E+01
; 1987 NA NA - ‘NA NA 4.7E+01 -
Combustion Eng 1983 NA | NA NA NA 2.1E+02
Hematite, MO 1984 NA NA NA NA | 4.2E+01
SNM-33 o 1985 | NA NA NA NA 7.3E+01
70-36" 1986 NA NA NA NA 6.7E+02
' 1987 NA NA NA | NA -] 2.8B+02
General Electric ' 1983 3.1E+02 | 2.0E+01 | 4.5E+02 | 1.3E+02 | 4.6E+02
Wilmington, NC 1984 4.0E+02 | 2.6E+01 | 5.7E+00 | 1.7E+02 | 6.0E+02
SNM-1097 | 1985 - | 4.1E+02 | 2.7E+01 | 5.7E4+00 | 1.SE+02 | 5.9E+02
- 70-1113 .| 1986 ‘1.2E+03 | 7.1E+01 | 1.6E+01 | 3.5E+02 | 1.6E+03 .
1987 1.6E+02 | 1.0E+01 | 2.0E+00 | 5.6E+01 | 2.3E+029

Westinghouse- 1983 1.2E+03 | 5.3E+01 | NR® 2.5E+02 | 1.5E+03
Columbia, SC : 1984 1.5E+03 | 1.2E+02 | NR | 3.2E+02 | 1.9E+03
SNM-1107 v .1985 1.2E+03 | 7.2E+01 | NR 3.1E+02 | 1.6E+03
70-1151 v 1986 | 1.1E+03 | 5.3E+01 | NR 3.4E+02 | 1.5E+03
, : 1987 1.0E+03 | 5.6E+01 | NR 3.1E+02 | 1. 4E+03 ‘

1. Taken from semi-anoual hcensee environmental momtormg reports submitted to NRC

2 Not available; only total curies of uranium released reported to NRC.
’ 3. - Release data for the second half of 1987 were not available but were assumed to be the

- same as first half’s.
-4, NR denotes not reported. Values are small and not included in total.

Table 3-5. Atmospheric radioactive emissions assumj)ﬁdgs for
reference fuel fabrication facility.

U-234 , 1.2E03 | o

U235 - 6.7E-05
U-236 1.6E-05
U-238 3.0E-04
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Site-specific demography locating the closest rééeptor in each of 16 directions and the
distance to the nearest vegetable-, meat-, and milk-producing farms was obtained from the .
licensee for the Westinghouse facility. The nearest vegetable-producing farm is located
240 m from the source. Milk- and meat-producing farms are located more than 2,000 m
from the stack. To be consistent with assumptions used for the Random Survey, residents
were assumed to grow all their vegetables at home, and meat- and milk- producmg farms
were placed at 2,000 m for this analysis.

3.1.3.3 Results of the Designated Survey for Fuel Fabrication Facilities. The maximum ede
calculated using COMPLY and current detailed demographic data for the Westinghouse
CNFD fuel fabrication facility in Columbia, South Carolina, is 0.06 mrem/yr. This dose is
primarily from the inhalation pathway The dose occurs to a res1dent located approximately
1,000 m from the facility.

3.1.4 Interim Spent Fuel Stot'age Facilities

The only commercial spent fuel storage facility licensed in the United States is the
General Electric facility in Morris, Illinois. It is currently operating. However, the vast
majority of spent fuel is stored at nuclear power reactor sites. '

Interim spent fuel storage facilities were not examined separatély in past evaluations
but were included in the evaluation of power reactors (EPA89 EPA91). All reactor sites
have wet pool storage capability, and some have additional out-of-pool capacity. EPAS89
found that the overall emissions from power reactors, of which spent fuel storage was one of
four sources of emissions, were well within regulatory limits. A more recent EPA study
(EPAOL1) also found that total airborne emissions from reactor sites are very low, cauSing
doses of less than 1 mrem/yr ede to the most exposed individual. On this basis, EPA
concludes that a separate evaluation of the Morris facility is not necessary.

3.2  TEST AND RESEARCH REACTORS

As of August 1988, there were 76 non-power research and 8 test reactors hcensed by
NRC in the United States (NRC88a). : - : :




The majority of the research reactors are located at universities where they are used
for teaching and research: to study reactor designs, to conduct research on the effects of - |
radiation on materials, and to produce radioactive materials used by sealed source and

' ’radlopharmaceutlcal manufacturers Approx1mate1y 37 percent of these are of the TRIGA
. design. These reactors have thermal power levels rangmg from. essentla]ly zero to 10,000
- kilowatts. ‘

‘Table 3-6 lists the NRC docket number thermal power level, locatlon and present:
hcensmg status of the eight test reactors. Two are ‘operational. The remainder are in safe

| storage. . Their thermal power levels range from 6 to 60 megawatts thermal (th).

Table 3-6. Licensed test reactors in the United States as of August 1991.1 -

| 50-22 | Westinghouse a_l 60 | Waltz Mill, PA | Safe Storage -
5030° | NASAPlumBrook | . 60 | Sandusky, OH | Dismantling Order [
: . . ' Issued May 26,
1981 ‘
50-70 General Electric - 50 | Alameda County, CA | Operational
' ’ : =  (currently shut
‘ down)
| 50-146 | Saxton PWR 28 |'saxton,PA .. | Safe Storage.
50-184 | NBS . Sl 10 | Gaithersburg, MD Operational - t
50-183 . | GEEVESR 17 | Alameda County, CA | Safe Storage ,
: Exp. Superheat -
50-200 B&W"BAW"I‘R : _ 6 } Lynchburg, VA Safe Storage NRC)
50-231 | SEFOR Sodium Cooled 20 . | Strickler, AR | Safe Storage (State)
1. List taken from NRC82; status verified August 1991.

3.2.1 Previous‘Evéluations '

Prev1ous evaluations (EPA79 EPA84 EPA89) show that the emissions from these
facﬂ1t1es are a funcuon of power level and duty cycle.
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In EPAR9, doses resulting from test and research réactors were bounded on the basis
of the four actual reactors with the largest emissions as identified by Corbit (Co83). These
included three university research reactors (Massachusetts Instltute of Technology, University f
of Missouri, and University of Rhode Island) and one govemment test reactor (the National
Bureau of Standards*). Emissions data from Corbit were supplemented by mformatlon '
presented in the facilities’ annual operating reports e.g., MIT87). The principal nuclide
emitted is argon-41. Tritium is also emitted, although in lesser amounts. The emissions
result in a maximum estimated dose of 0.7 mrem/yr ede (EPA&9).

3.2.2 Evaluations of Specific Facilities Made During the Reconsideration Perioci

Of the four reactors that were evaluated in EPAS9, only three are currentljr
operational (Massachusetts Institute of Technology [MIT], University of Missouri, and the
National Institute of Standards and Technology [NIST] reactors). These three remaining
reactors were included in the Designated Survey. As part of the reevaluation, detailed
demographics were obtained from the licensees. All other parameters used were taken from
the EPAB9 assessment. I : '

urce Term Determination

The current study used the same effluent release data as EPA89 These data are
shown in Table 3—7 ' :

Table 3-7. Effluent release rates (Ci/yr) for test and research reactors.

University of Missouri 1.6E+01 , 2.5E+03 -
" National Institute of Standards & Technology ‘ 1.6E+02 - 4.7E+02.
" Massachusetts Institute of Technology - 4.2E+03

4 NBS is now known as the National Institute of Science and Technology. ‘
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The efﬂuent releases occur from stacks 33 m, 33 m, and 50 m h1gh respectively, for
" the University of Missouri, NIST, and MIT reactors

Meteorologic, Demographic, and Agr_icultural Data

~ As part of the Designated Survey, site demographic data used for the assessments
presented in EPA89 were updated to incorporate information obtained from the licensees on
 the distance to the closest receptors in each of 16 directions. The distance to the nearest ‘
. meat, milk, and vegetable farms was also obtained. R o

, The meteorological data used in this study for the University of Missouri, NIST, and -
., MIT reactors are for Columbia, Missouri; Fort Meade, Maryland; and Boston,
Massachusetts respectively (EPAS9). For this study, the stablhty array data used in EPA89
were converted to wind roses for use with the COMPLY code.

Based on the COMPLY run for the University of Missouri, the receptor exposed to
- the highest concentration is a resident located approximately 700 m from the source. For
NIST, the receptor exposed to the highest concentration is also a resident, in this case
. approximately 480. m distant. The COMPLY run using detailed demography showed that,
- for MIT, the receptor exposed to the highest concentration is a nonres1dent This individual
s located approxrmately 100 m from the source. '

: ‘ Agricultural data obtained from the ”University of Missouri indicated that a vegetable-

producing farm is located 600 m from the source. The vegetable farm was placed at this
location for this study No milk- or meat—producmg farms were reported within 2,000 m of
. the reactor. Therefore, in order to maintain consrstency with the Random Survey
assumptrons the milk and meat farms were. placed at 2 OOO m.

Agricultural data supplied by NIST and MIT indicated'no farms within 2 ,000 m of
either reactor. To be consistent with the Random Survey assumptlons, the vegetable, milk
'and meat farms were placed at 2 000 m.

td
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3.2.3 Results of the Designated Survey of Test and Research Reactors

The immersion pathway is the dominant contributor to the dose for all three facilities.
The maximum ede calculated using COMPLY and current detailed demographic data is
4 mrem/yr. This dose is calculated for the individual exposed to the highest offsite
concentration around the Massachusetts Institute of Technology research reactor. This dose
is to a nonresident in an office; therefore, an occupancy factor of 0.3 was applied. The
value of 0.3 is based upon 10 hours per day, 5 days per week 52 weeks per year
(10x5x52/8760 0.3). '

‘ The ede calculated for the University of Missouri research reactor is 2 mrem/yr The
ede calculated for the receptor exposed to the highest offsite concentration around the
National Institute of Standards and Technology test reactor is 0.8 mrem/yr. In both cases,
the dose is to an offsite resident. Refer to Section 3.9 for a summary of all dose estimates.

3.3 RADIOPHARMACEUTICAL AND RADIOLABELED COlVIPOUN'D _
MANUFACTURERS :

Of the approximately 120 radiopharmaceutical suppliers, distributors, and nuclear
pharmacies (Ce81), 15 are large firms. These firms handle large amounts of radionuclides in
hot cells, while smaller firms change the chemical form of the nuclides, and the pharmac1es
repackage the material into convenient amounts,

3.3.1 Previous Evaluations
The four largest firms (DuPont Boston, DuPont Billerica, Amersham, and Cintechem)

were previously evaluated (EPA89) ‘The mammum dose to nearby md1v1duals was estlmated
to be 9 mrem/yr ede. :

3.3.2 Evaluations of Specific Facilities Made During the Reconsideration’ ?eriod

The previous evaluation of Amersham was judged to be adequate; therefore, it was
not re-evaluated as part of this study. Because Cintechem has shut down and is '
decommissioning its i)roduction reactor, it was not included in the current evaluation. In
March 1991, DuPont Boston and DuPont Billerica were re-evaluated using updated
information obtained from the licensees (SCA91). Mallincrodt’s Ma:yland Heights,
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Missouri, facility, a large facility not analyzed in EPA89, was also included in the March
1991 study. All data and results presented here for these facilities were taken from SCA91.

Source Term Determination

Operations at the DuPont Boston facility are housed in several multi-story buildings
" on two city blocks, across the street from each other Each block contains several buildings
and a large parkmg lot. The first' group of buildings handles vn'tua]ly all the radioactivity
* and has five roof-top stacks, serving 140 hoods and hot cells. Three stacks are on one
building; two stacks are on a second bulldmg. For dose calculations, these were modeled as
‘ two stacks (18 m and 24 m high), one for each building This study used the emission data
. obtained from Dupont Boston for 1989. The 1987 release data are shown for companson in
" Table 3-8. : R '

) ~Table 3.8, Dupont Boston emission data.’

H-3 : B 97.7 ' 12.9 91.23

C-14? , ' 4.7 1.9 © 4.9
Cc-14° : 3.8 2.8 , 10.1.
S-35 : 0.38 0.2 : 0.3

2. CO, chemical form.
3. Organic chemical form. L

1. Data obtained from SCAO91. ’ . - o “

For Dupont Billerica, both 1987 and 1989 releases of iodine-125 were known. These
include estimates of the releases from a waste storage warchouse. TheSe values are based on
DuPont’s eﬂgineeﬁng estimates of the potential releases from the warehouse using on
ambient air monitoring results and estimated air turnover rates. Available release data for
calendar years 1987 and 1989 are presented in Table 3-9. The ‘emission data for 1987 were
used for thlS evaluation.
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Table 3-9. Dupont Billerica emission data.

Xe-133 2.84 - n/a
P32 1.6E-02 n/a
S35 1.6E-02 . n/a
I-125 - 2.0E-02 N 1.9E-02
I-131 1 . 2.5E-02 ‘ n/a:
Kr-85 9.5E-01 n/a

At DuPont Billerica, four radiological stacks serve many hoods, vgioVe boxes, hot
cells, and reaction vessels. For dose calculations, they were modeled conservatively as a o)
single 15 m stack. S “ ’ |

For dose calculations, the Mallincrodt facility 'was modeled with two roof-top ,stacks’. |
Stack #1 (19 m high) models all stacks at the northwest end of the site; stack #2 (13 m high)
models those at the southeast end. '

Effluents for the Mallincrodt facility were provided for the 12 montﬁs jcndiilg August
31, 1989, based on measured data. Effluent values based on a calendar year were not f
available; however, the radiation safety officer (RSO) indicated that the values provided were |
representative of a typical year. Release data are provided m Table 3-10. | '

Table 3-10. Mallincrodt emission data.

" 1-131 1.5E-02 '2.2E-01
1-125 - : 7.0E-04
1-123 1.6E-03 1.5E-03

Tc-99m - 7.7E-02
Mo-99 ‘ - ‘ 6.3E-03

Tn-111 - 1.0E-03
Ga-67 - 6.0E-04
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Meteorologic. Demographic, and Agricultural Data',

, Dose calculations for DuPont Boston were performed using: wind rose data for Logan
~ Airport which were obtained from DuPont. Doses for DuPont Billerica were calculated
using COMPLY’s default mean wind speed of 2 m/s sec Dose calculations for Mallincrodt
were performed using wind rose data for the St. Lou1s M1ssour1 -Airport. Ma]]mcrodt
supplied the meteorolog1ca1 data

Several residences are 10cated across the street from the Dupont Boston facility. The
distance between stack #1 and one-of these residences is 60 m. The distance between stack
- #2 and another residence is 50 m. Although not the same residence, COMPLY treats them
as such. The nearest farm is assumed to be 1,000 m away. Meat, milk, and vegetable =
“production ‘was assumed to take place at this d:lstance The closest receptor to the Dupont -
Billerica facility is a residence located 165 m from the stack. A vegetable farm is located
about 500 m from this stack. A milk and meatfarm is located about 1,400 m away.

" An ofﬁce was identified as the closest receptor during a site visit to Mallincrodt.

- This ofﬁce located within the same industrial park as the licensee, is 215 m from stack #1
and 130 m from stack #2. Aerial photographs made available for inspection by Mallincrodt
and onsite mspectlons were used to locate a vegetable garden 261 m from stack #1 (410 m
from stack #2). No milk or meat farms were found within -800 m. Thus, a default distance
of 800 m was used for these receptors :

3.3.3 Results of the Designated Survey for Radlopharmaceutlcal and. Radlolabeled

Comgound Manufacturer

7 . The calculatlons resulted in a receptor ede of 5 mrem/yr for the DuPont Boston ,

- facility. The total ede for the DuPont Billerica and Ma]lmcrodt facilities, respectively, were
h 0.2 and 0.09 mrem/yr. For Mallincrodt, the dose is 'to a nonresident in an office; therefore,
‘an occupancy factor of 0.3 was applied. The value of 0.3 is based upon 10 hours uer day,
5 days per week, 52 weeks per year (10x5x52/8760 O 3) Refer to Sectron 3. 9 for a
summary of dose estimates.
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‘3.4 HOSPITALS AND MEDICAL RESEARCH FACILITIES

Licensees engaged in medical d1agnos1s, treatment, and b1omed1cal research constltute
the largest subgroup of NRC-licensed facilities using radioactive materials in unsealed forms.
The facilities within this subgroup range from individual medical practices to large medical
centers. An individual physician may perform an occasional diagnostic procedure using
radiopharmaceuticals, while the large medical centers may engage in extensive biomedical
research using radioactive materials as well as perform dlagnostrc and therapeuuc procedures
involving radiopharmaceuticals on a daily bas1s

3.4.1 Previous Evaluations

In its previous assessments of NRC-licensed facilities using radionuclides for medical
purposes (EPA89), EPA focused on large hospitals and medical research facilities.. Due to
the quantity of radioactive materials used and the proximity of potential receptors, such
facilities provide an upper-bound of the dose for this large segment of the NRC—hcensed
source category. :

In EPA’s previous assessments, data on airborne emissions from such facﬂ1t1es were -
limited. Limitations were also inherent in the near—field estimates of air concentrations
provided by the Gaussian plume dispersion model incorporated in the assessment code
AIRDOS-EPA. When EPA first proposed a NESHAP for NRC-hcensed facilities in 1983, 1t .
attempted to identify whether the proposed standard would have an 1mpact on med1ca1
facilities (SCA84). Based on discussions with personnel involved in nuclear medlcme, EPA
identified approximately 15 facilities with extensive programs. Information on these facilities
was gathered to determine the concentration of radioiodines in their effluent and the location
of the nearest receptors. Based on assessments of the d1spers10n factors needed to reduce the
effluent concentrations to a level consistent with the proposed standard, it was concluded that
the facilities could comply with the NESHAP without havmg to mstall additional efﬂuent ‘
controls.

During the 1988 1989 radlonuchde NESHAPs rulemakmg, EPA sought to overcome
the limitations in the emissions data by evaluatmg the doses that could result from the largest
releases from medical licensees, as reported in the database maintained by the Conference of
Radiation Control Program Directors (CRCPD). Calculations performed to evaluate the

g

3-20




"large hospital" category in EPAS9, indicated that the maximum estimated dose to nearby

- individuals would be approxlmately 0.2 mrem/yr ede. However, the evaluat:lon cautioned

that "the absence of reported radioiodine releases is common, due to the lack of effluent

* monitoring at hospltals " When coupled with the limitations of the assessment code in-

 evaluating near-field concentrations, considerable uncertamty remained as to whether the

- releases evaluated for the "large hospital” actua]ly bound the doses and nsks caused by this
class of licensees. :

- 3.4.2 Evaluations of Specific Facilities. Made During the Reconsideration Period |

When the NESHAP for NRC-licensed facilities was promulgated on December 15,

- 1989, the Administrator announced that he ‘was treating the concerns relating to duplicative . -
regulation and possible adverse impacts on the availability of medical treatment taised by

. NRC and the National Institutes of Health (NIH) during the public cominent period asa

. petition to reconsider the NESHAP The Administrator granted this reconsideration, and the -

effective date of the NESHAP was stayed dunng the reconsideration. |

Inasmuch as the concerns raised by the NIH and other commentators on the NESHAP
focused on the stringency of ‘the 3 mrem/yr ede limit for doses from radioiodines, EPA again
attempted to identify medical facilities using large quantities of radioiodines. Beginning with
mformauon supplied by the medlcal facilities, EPA determined that the following medical
centers have therapeutic and biomedical research programs that are among the largest in the
country: the National Institutes of Health, Johns Hopkins Medical Center, the University of
. California at Los Angeles (UCLA), Washington University Medical Center, M.D. Anderson
' 'Medical Center, the University of Wi'sconsin, the University of California at San Francisco
(UC San Francisco), and the UniyeISity of 'California at Irvine (UC Trvine).

Cognizant personnel at each facility, usually the Radiation Safety Officer, were
contacted, and voluntary cooperation in assisting EPA was requested. Information on
quantities of radioactive materials used, effluent concentrations, effluent controls employed
a.nd locations of nearby md1v1dua1s was obtamed for each fac1]1ty (SCA91). In several
instances, s1te visits were arranged.

It was determined that the doses caused by releases ﬁpm the M.D. Anderson Medical
Center and the Washington University Medical Center, both of which employ multi-curie
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quantities of radioiodines but with double or single charcoal filtration, would be bounded by
the estimates for Johns Hopkins and the NIH which handle large quantities of radioiodines
and do not have filtration systems. Therefore, formal COMPLY evaluations of M.D.
Anderson and Washington State University Medical Centers were not performed,

Source Term Determination

Data obtained from NIH, Johns Hopkins, the University of Wisconsin, UCLA, UC
San Francisco, and UC Irvine (SCA91) were evaluated using the EPA computer code ’
COMPLY. Where measured effluent data were unavailable, source terms were estimated by
multiplying the amount of each radionuclide used during a one-year period by the appropriate
release fraction, as established in EPA89a. However, two faci]ities, UCLA and Johns
Hopkins, the EPA-approved release fraction of 1 was not used for materials heated to above
100° C. Instead, the evaluation relied on release fractions determined from measurements of
actual releases of the radionuclides of interest. The source terms used in tie COMPLY runs
are given in Table 3-11. | : ' |

Meteorological, Demographic, and Agricultural Data

Johns Hopkins (SCA91): Because this facility is in an urban setting, the receptors are close
to the release points. Multi-story buildings, containing both commercial stores and
residences, are directly across the street from the licensee. One such building is located
approximately 30 m north of the Biophysics (P-B) and Wood Basic Sciences (WBS)
buildings. Another is located 30 m north of the Traylor (T) building. Analysis showed the
maximum receptor to be located 30 m north of the P-B and WBS buildings, and 153 m from
the T building. Given the urban siting of the facility, it was assumed that no food'production '
océurs within 4,500 m. Dose calculations were performed using an average wind speed of

. 3.17 m/s. This wind speed was based on 5-year meteorological information collected from .
the Baltimore-Washington International Airport, épproximately 10 km from the site.

University of Wisconsin (SCA91): Demographic data 6btajned for this study show thﬁt the
nearest receptor is a campus heat plant located 105 m to the west of the incinerator stack.
Although there is an agricultural program on campus, no commercial farming is done. The
nearest farms are estimated to be 1,500 m from the incinerator stack. Doses were calculated
using the COMPLY default wind speed. of 2 m/s. '
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" Table '3-11. Hospital and medical research facilities effluent release rates.

Johns Hopkins R WBS Building = . H-3 | 5.0E+00
‘Baltimore, MD ' 51m - C-14 5.0E-01
' : ‘ Mo-99 - | 2.1E-10.
Tc-99m 1.7E-03 .
P-32 . 2.1E-05
835 ‘ 2.5E-05
Xe-133 : 15.6.
P-B Building I-125 1.4E-02
13m . I-131 - | 9.5E-04 -
T Building (incinerator) | Cr-51 - 4.0E-03
51m | Ce-141 7.3E-03
' Gd-153 \ 8.5E-02
1-125 - 2.0E-03
In-114 1.3E-01
Nb-95 ' "7.2E-02
Ru-103 6.3E-02
Sc-46 " 3.1E-02
Sn-113 7.7E-02
University of Wisconsin Incinerator H-3 ‘ 3.5E-02
Madison, WI - 10 m . C-14 | 7.9E-02
: ' ' ‘ P32 . - 4.7E-02
. 835 ' .| 3.9B-01"
. | Ca4s ' 2.0E-02
1-125 - | 33602
I-131 , 8.5E-04
Sr-85 - 2.0E-03
Na-22 .| 1.7E-03
Sc46 1.4E-03
Cl-36 1.0E-03
Cr-51 | 1.7E-03
Co-57 1.6E-03
In-111 2.4E-03
Sn-113 : 1.2E-03 .
Ce-141 2.0E-03
Se-75 | 7.0B-05




Table 3-11 (Continued)

Facility Name/Lo
| UCLA Hospital Hospital ‘ H3 2.2E-03
Los Angeles, CA Sm C-11 7.0E-03
C-14 : 1.0E-04
F-18 32.8
P-32 6.7E-03
S-35 3.2E-03
Ca-45 5.0E-04
 Cr-51 ‘ 1.3E-03
I-125 - | 1.5E03
1-131 3.0E-03
Mo-99 o 1.6E-04
Te-99m 7.0E-01
Xe-133 6.2E+00
, T1-201 ) 6.5E-03
UC San Francisco MS Building 1-125 2.5E-03
San Francisco, CA : | S6m ' I-131 | 2.0E03
UC Irvine Nuclear Med. Building | P-32 : 1.0E-04
Irvine, CA Sm . Cr-51 1.0E-05
: Mo-99 : 1.5E-07
Tec-99m 6.8E-02
I-125 - | 1.0E-04
I-131 : 2.0E-03
Xe-133 ‘ 104
, Co-57 5.0E-05
NIH . NIH Complex C-14 3.8E-04
Bethesda, MD 42m ' Cr-51° 6.5E-03
: : Ga-67. 2.6E-03
H-3 2.2E-02
1123 3.2E05
I-125 6.7E-03
I-131 ‘ 1.3E-02
Mo-99 3.4E-04
P-32 : © | 2.2E-02
835 : 1.9E-02
Te-99m : 2.1E02
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UCLA ( SCA91)' Due to the lack of specific demographic data, the distance to the closest
receptor was estimated to be 100 m. It was assumed that this receptor grows vegetables.
Meat and milk farms were estlmated to be at a dlstance of 1,000 m. Doses were calculated

using the COMPLY default wind speed of 2 m/s.

uc San ancisco ( SCA91): The nearest receptor is a commercial office across the street
from the top of the MS building. The height of this building is 56 m. The nearest receptor '
isa ‘covmm‘ercial office appro@ately 30 m from the MS building. The location of the ' ‘
nearest farms was not known. It was_estimated that a vegetable garden could be found i
500 m away and that the distance to the nearest farms is 1,600 m. Doses were calculated
usmg the COMPLY default wind speed of 2 m/s.

'UC Irvine (SCA91): The nearest receptor was determined to be a commercial building

across the street from the hosp1ta1 at an estimated distance of 50 m. Est:lmated distances to

the nearest vegetable garden and farm are 800 m and 16, 000 m, respectively. The receptor 7
is a nonresident in an office; therefére an occupancy factor of 0.3 was applied. The value -
of 0.3 is based upon 10 hours per day, 5 days per week, 52 weeks per year :
(10x5x52/ 87 60=0.3). Doses were calculated using the COMPLY default wind speed of

2 m/s.

NIH®; The nearest receptor was determmed to be a res1dent located at a dlsta.nce of 200 m.
The résident is assumed to grow vegetables at home. Meat and mJ]k farms are placed at
: 2,000 m. Doses were calculated using the ;COMPLY' default wind speed of 2 m/s.

4

- 3.4.3 Results of the Designated Survey for Hospitals and 'Medical Research Facilities

The highest estimated dose from any of these facilities is 8 mrem/yr ede to a receptor
located directly across the street from the incinerator at Johns Hopkins. Radioiodines '
contributed 0.4 mrem/yr ede to this total. The highest estimated ede from iodines is
1 mrem/yr. This dose was calculated for NIH. The total ede calculated for NIH was
2.0 mrem/yr; therefore, the dose from iodines constitutes 50 percent of the total. The

‘remainder of the ede from the hosp1tals and research facilities included in the Designated
Survey ranges from 0. 03 mrem/yr to 3 mrem/yr Refer to Sect10n 3.9 fora summary of
dose estlmates

S Personal correspondence b'etween R. Zoon (NIH) and A. Colli (EPA), November 1989.
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3.5 MANUFACTURERS OF SEALED SOURCES o

Sealed source manufacturers take radionuclides in an unsealed form and put them into
a permanently sealed container. Two categories of sealed source manufacturers contnbute to
airborne emissions. The first category consists of manufacturers (eight are lmown) that
produce sealed radiation sources other than tritium. An additional six manufacturers of this
type (e.g., The Nucleus, Oak Ridge, Tennessee) use only exempt quantities of radionuclides
and produce negligible emissions.

. 'The other category of sealed source manufacturer seals tritium gas into self-luminous
lights. Currently, two firms are known to perform this type of work. They are Safety Light
Corporation, in Blooinsburg, Pennsylvania, and NRD, Incoi'poi'ated, in Grand Island, New
York. Both facilities are located in industrial areas. They rely heavily on engineered
safeguards to prevent releases of radionuclides. ‘ / -

3.5.1 Previous Evaluations

Three tritium light sealed source manufacturers, Safety Light Corporation in
Bloomsburg, Pennsylvania, NRD in Grand Island, New York, and GE Lighting Group in .’
Cleveland, Ohio, were originally evaluated in EPA89. One manufacturer, GE Lighting ;
Group, has since gone out of production. The evaluations reported in EPA89 estimated the -
highest dose to nearby individuals from non-tritium sealed source manufacturers to be
1.0E-04 mrem/yr ede, and from tritium sealed source manufacturers to be 6.0 mrem/yr ede.

3.5.2 Evaluations of Specific Facilities Made During the Reconsideration Period

In EPAS89, a model faci]ity' was used to represent manufacturers that produce non-
tritium sealed radiation sources. Since EPA89 was prepared, an actual facility, Neutron.
Products (Dickerson, Maryland) which is a major producer of cobalt-60 sealed sources, has
been identified as a large manufacturer of non-tritium sealed sources. This faci]ity was
evaluated based on emissions data and demography information supplied by the licensee.

The findings are incorporated in this study _




Source Term

- Sealed Sources/Non-Tritium: Neutron Products isa maJor producer of cobalt-60 sealed

' sources. All operatlons with poss1ble a1rbome emissions are conducted in the hot cell. All
‘site releases are exhausted from a smgle vent, which is located apprommately 7 m above the
ground ‘The exhaust rate is 23 m per minute (800 cfm)

o The efﬂuenjc exhaust from the hot cell passes‘ through a roughing filter and two HEPA
filters mounted in series. The exhaust vent was recently equipped with a continuous
monitoring system. The sampling is isokinetic, drawing 0.03 m? per minute (1 cfm) through
" a fiber filter. The filter is changed at least weekly and counted using single-channel gamma
 spectrometry. ' o

. The sampling system descnbed above is reported to have a minimum detecuon limit
(MDL) of 1E-12 uCi/ml, approx1mate1y 0.3 percent of the MPC for insoluble forms of
cobalt-60. All measurements with this new system show act1v1ty below the MDL. The 1989
source term for the facility is estimated tobe 1. 2E-05 C1/yr (see Table 3-12), assuming the

'MDL for the concentratlon in the efﬂuent and a continuous flow rate of 23 m® per mmute

. (800 cfm).

Sealed Sources/Tritiuin Because effluent data for 1984;were available for each tritium -
lighting producer when the EPA89 analysis was bemg done, no model facxhty was needed.
The emissions data used in the analys1s are also shown in Table 3-12.

Table 3-12. Effluent release rates (Ci/yr) for sealed source manufacturers. |

Light Corp.
H-3 - © 3.4E+02 2.2E+03.
Co-60 1.2E-05 - -
Ni-63 - . 8.0E-06 -
- Po-210 - - 1.4E-04 -
- Am-241 - " 6.1E-05 -
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Meteorological, Demographic, and Agricultural Data

The meteorological data used in this study for NRD and Safety Light were originally
collected at Buffalo, New York, and Harrisburg, Pennsylvania; respectively. The stability
array data for these locations, that had been used in EPA89, were com)ezted to wind roses
for use with the COMPLY code. Neutron Products was evaluated using the default values of o
25 percent frequency of wind towards the receptor and a wind speed of 2 m/s.

Demographic data obtained for Neutron Prqducts show severa@ farms in the area.
The nearest residence is a farm approximately 120 m from the vent. All meat, milk, and
vegetable production was assumed to occur at that location. “

Detailed demograpmc data were obtained for NRD and for Safety nght Corporatlon
Based on the COMPLY runs, the receptor near NRD who is exposed to the highest
concentration is a resident located approximately 170 m from the stack. At Safety Light, this
individual is a resident located 190 m from the release point. »

Agricultural information supplied by the NRD and Safety Light facilities indicates that
there are no farms located within 2,000 m of either site. Doses for both facilities were
calculated assuming that the residents produce all their own vegetables and that meat and
milk production occurs on farms located at 2,000 m. These assumptions were made to
maintain consistency with the Random Survey portion of this stady. '

3.5.3 Results of the Designated Survey for Manufacturers of Sealed Sources

The results from the COMPLY model for the non-tritium sealed source manufacturer
(Neutron Products), using the source term of 1.2E-05 'Ci/y.r, aétual vent and building '
_dimensions, and a default wind speed of 2 m/s, indicate that the receptor ede would be
0.007 mrem/yr. The dominant pathway is exposure to contaminated ground.

The maximum ede for a tritium light sealed source manufacturer is calpulated for
Safety Light Corporation. Using the source term described above, a release height of 10 m,
and meteorological data from Harrisburg, Pennsylvania, the ede calculated by COMPLY for
the maximum individual is 3. 5 mrem/yr. Most of the dose results from the inhalation and
ingestion pathways. : ~ ‘
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At NRD, the receptor for whom the highest ‘dose is calculated is a resident.
Assuming the source term described above, a release height of 10 m, and meteorologlcal data
- from Buffalo, New York the ede calculated by COMPLY for the maximum md1v1dual is
-0.05 mrem/yr Inha]atmn is the prlmary pathway of exposure.

3.6 TESTING OF DEPL_ETED URANIUM M[INITIONS

, The processing of natural uranium to obtain uranium enriched in the uranium-235
isotope results in abundant tails referred to as depleted uranium. The density and low
specific activity of deple_ted uranium-make it useful for several appllcatmns, including -
~ radiological shielding, counterweights in aircraft, and in military munitions. This latter
activity has the greatest potential to release radioactive material to the air. |

‘The military uses depleted uraniuom in rnunitions designed to pierce armor lplating'.

- The design of these munitions is developed and refined by the Army based on "soft" and
"hard" testing. Soft testing is conducted to define and refine the accuracy of the munitions.
The tests are done on outdoor firing ranges where the depleted uranium round is fired at the -

: "target“ located in a sand-filled testing enclosure several kilometers from the gun.  After
-impact, the depleted uranium "rod," which is generally intact, is s1mp1y left in the ground as
the risk from unexploded munitions makes retrieval too dangerous. Hard testmg is
conducted to evaluate and refine the destructive capability of the mumtrons. In hard testing,
either actual munitions or scale 'mockups are fired at an armbr-plated target. By liCense
‘conditions, all hard testing of depleted uranium munitions is conducted in indoor test -
enclosures, the ventilation stacks of which are equlpped with roughmg and HEPA ﬁlters, the :
exhaust is momtored dunng testing.

'I"heDepartment of Defense tests depleted uranium munitions at a number of proving .
grounds around the country. The Army’s Ballistic Research Laboratory and Combat Systems
N Test Activity faci]ities at the Aberdeen Proving Ground in Aberdeen, Maryland, conduct both
. hard and soft testing. The Army also conducts soft testing at the Yuma Proving Ground near
Yuma, Arizona, and at the J efferson Proving Ground near Madison, Indiana; the Navy
~conducts soft test ﬁnngs at the ‘Naval Weapons Center at China Lake, California. Once
every several years the Army conducts an. open-alr hard test’ finng at the Nevada Test Site.
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The Aberdeen Proving Ground conducts the greatest number of test firings. Because
it is also very close to many residences, EPA cons1ders Aberdeen to be the boundmg case for
this category.

3.6.1 Previous Evaluations

This source category of airborne radionuclide emissions was not previously evaluated
because it was believed unlikely that munitions testing could create emissions in the
respirable range. However, to remove any uncertamty, th1s source category was evaluated in
thlS study. ‘ '

3.6.2 Evaluations of Specific Faci]ities Made During the Reconsideration Period '

A site visit to the Aberdeen facility was conducted durmg the course of th1s
reconsideration. The releases from the test firing of depleted uranium mumtlons mclude -
stack releases from the indoor test enclosures used for hard firings and releases to the '
ambient air from the soft testing target enclosures, which may occur when the depleted
uranium rods land. Given the size of the rods left in the enclosures (on the order of 1 to
8 kilograms), releases due to resuspension are not a problem, as confirmed by ambient air
monitoring conducted by the Army. Monitoring data on the stack releases from the indoor
testing enclosure, along with stack parameters and distances to the nearest receptors, were
obtained directly from the Army (DA92). |

Source Term

.4

The emissions used in the analysis are shown in Table 3-13. These emissions
represent monitored stack release data from indoor testing enclosures as provided by the
Army. ’ :

Meteorological, Demographic, and Agricultural Data

The meteorological information is stability array data from Aberdeen, Maryland. The
distances to the nearest residences or office, school, or business for each of the operat10ns
listed in Table 3-13 are prov1ded in Table 3 14.




" Table 3-13. Source term used for Aberdeen Proving Ground.

Range 9 ' ’ 6.6E-07

Range 14 . S -1.2E-07

Range 14A L . 1.2B07
Range 110E - ' 4.5E-08.

Abrasive Blaster - : , 8.9E-07 -

BTD Enclosure ‘ 1.8E-06

Superbox . ' 5.7E-05

Cut Box oo 1.6E-05

- 1. Xt was assumed that Th-234 and Pa-234m were also released at the

same rate as the U-238 as they are in secular equlhbnum

Table 3-14. Distances to receptors at Aberdeen Provihg Ground.

Range 9 . c . 5000 R)!
Range 14’ ' ~ 7000 R)

Range 14A ' L 7000 (R)

Range 110E o . 200 R

Abrasive Blaster " 1200 (B) .
BTD Enclosure ‘ 1100 B)

Superbox o © 1000 (B)

Cut Box , 1000 ('B)

1. R indicates residence; B indicates busmess

" All farms are located at greater than 2 ,000 m; however, a]l Vegetables were assumed
to be grown at the home of the closest md1v1dua1s

3.6.3 Results of the Desigm' ted Survey for Testing of Dgp leted Uranium Munitions

[

The dose rece1Ved by the ma:nma]ly exposed md1v1dual in prox:mlty to the Aberdeen
- Proving Grounds is 6E-04 mrem/yr ede. . , - '
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3.7 RARE EARTH AND THORIUM PROCESSORS (SOURCE MATERIAL)

Approximately 10 licensed rare earth procéssofs are engaged in the recovery of
metals from source materials. Of the 10 facilities licensed to process rare earths, only three
are operating. These three form the basis for this study: - Cabot-Boyerton, Molycorp-York, -
and Shieldalloy-Newfield. The doses resulting from the operations of rare earth processors
were assessed using the actual emissions and site characteristics for the three facilities.

Rare-earth elements are metals possessing distinct individual properties which make
them potentially valuable as alloying agents. The name rare earths is deceiving, however,
because they are neither rare nor earths. Rare earth minerals exist in many parts of the

world, and the overall potential supply is essenﬂa]ly unlimited. , "

Rare earth facilities possessing NRC Source Material Licenses prqcesé nzitural'and
synthetic ores which contain at least 0.05 percent, by weight, of naturally occurring uranium
and thorium. The principal environmental impacts of rare earth facility operations include
the potential release of radioactive particles and radon from the storage, handling, and
processing of the ores. The operation of a rare earth facility involves grinding, dissolving,
and processing the natural and synthetic ores. These are relatively closed processes, and it is
generally believed that very limited amounts of radioactivity escépe. These facilities utilize
various methods to store the radioactive wastes. The wastes are often stored on-site in h
barrels or slag piles. '

3.7.1 Previous Evaluations

EPA conducted a screening assessment in 1983 and conciuded that rare earth and
thorium processors did not pose a public health risk (EPA83) ‘However, EPA demded to
reduce the uncertamty associated with the 1983 evaluation.

NRC conducted an evaluation of Cabot-Boyerton (NRCSS). The rate of release of
the materials had not been previously determined, so conservative assumptions were made.
Doses were estimated using ATRDOS. For the nearest individual (350 m), the total-body
dose of 0.046 mrem resulted primarily from the inhalation (54 percent) and ingestion
(30 percent) pathways. The highest dose was to the lungs (0.48 mrem). '




In 1985, the Oak Ridge Assoc1ated Umversmes conducted a radiological study of

) Molycorp—York (ORAUSS5). The summary noted that air monitoring at two process stacks
indicated that radioactive emissions from plant operations were within licensed limits. The
.- ORAU study also noted that residues from plant processes are stored in onsite low-level
waste drums and a residue pile located in the southeast corner of the site.

3.7.2 ‘ Evaluations of Speoiﬁc inei]jties Made Durmg the Reeonsideration Period -

' B Cabot—Boyerton This facility is located in a rural settihg in southeastern
: Pennsylvama 2.4 km northeast of Boyertown. Ores are processed in order to extract -
' | tantalum and niobium. Typical concentratmns of uranium and thorium range from ,
- 0.04 percent to 0.5 percent by weight. Surface radlatlon dose rates typlcale range from o
0.1 mrem/hr to 2 mrem/hr '

Raw ‘ores are ground into a flour-like consistency and then transferred into digester
tanks which selectively dissolve the tantalum and niobium. The unwanted uranium and
 thorium react with the acid to form insoluble uranium and thorium fluorides. Particles less
~ than 10 pm in diameter are exhausted through the 90 percent efficient dust-collection system.

Up to 100 g/d of respn'able particles might enter the atmosphere. After dissolution, the
mixture passes through filters where the insoluble material (containing the uranium and
_thorium) is removed from the solution and collected for disposal.

The slildge is temporarily stored in open portable eai'ts until a tnickload of filled
containers is co]lected and transported to above-ground concreté storage buildings. Each

* . building is open-air vented where the roof meets the s1de walls to prevent radon gas from

accumulating inside the bu11d1ng

Cabot does not have a formal environmental monitoring pro'graﬁ and routine outside
air monitoring has not been conducted. It is thought that the operating procedures and
emission controls combine to limit rad1010g10a1 a1rbome releases to low levels. However, no
monitoring data are available to confirm this. NRC does not require any offs1te _
environmental monitoring program due to the limited effects expected. .

7 Molycorp-York: This faci]itj', active since the mid-1960s, is located in'an urban
area. ,The Molycorp plant carries on three basic processes, all of which involve low

3-33




concentrations of source material. All three processes operate under the same basic theory,
although only one is now operating. The main working process at Molycorp converts code
5300 cerium mineral concentrate into a line of 95 percent pure cerium products. The cerium
concentrate process feed material is a dry powder. Thorium and uranium are pres_ent at
about 0.225 percent and 20 ppm, respectively. A typical cerium reaction charge is 1,800 kg
per ciigest tank, containing about 0.4 kg each of thorium and uranium. . All chemical
processing after the initial feed dissolution is wet processing, thereby reducmg airborne
particulates. :

After the d1ssolut10n process, thorium and uranium remam as msoluble byproducts
These byproduct matena]s containing about 50 percent moisture, are shoveled into 208-liter
(55-gallon) plastlc drums for storage. Approxunately 145 barrels (52 200 kg) are produced
per month.

In order to reduce airborne particles, a 0.8 m diameter, 4.3 m high, wet scrubber is
used at the cerium feed point to capture any dust and recycle it back into the system. The
scrubber is equipped with an 85 m* per minute (3,000 cfm) blower and circulates 170 Ipm
(45 gpm) of scrubbing solution over the packed bed. Employees are poriodica]ly'monitored
at the points of greatest exposure to radioactive dust. Results show that the radiation dose to
plant personnel is low; therefore, Molycorp expects that the dose to the surrounding - |
population is minimal. There is no routine monitoring program for effluents into the '
‘atmosphere. The dust collectors and scrubbers are mspected penodlcally, but the mspectlons |
are usually only visual, without monitoring of the efﬂuents . '

Shieldalloy-Newfield: This active fac;ility is located in a rural area. Shielda]loy '
manufactures a variety of specialty ferro-alloys, using the raw material ferro-niobium
(Fe-Nb). Waste slag is separated from the nonradioactive slag and stored in two separate
piles. A large quantity of material has accumulated since operations began in 1955.

Processing activities generate airborne dusts, containing low coﬂcen;rations of
radionuclides from the thorium and uranium decay series. Exhaust air from the processing
area passes through 10,000 m®/min baghouse dust collectors before its release to. the '
environment. The maximum amount processed per day would be about 400 uCi of thorium
and about 3.6E+08 g of natural uranium. The bags are 98 percent efficient. Sh1e1da]10y
uses an air sampler to monitor releases.




There is no mdlcat;lon that the waste slag piles are stablhzed or have any sort of cover
~on them. The most hkely pathway and source of contamination appears to be overland
runoff from the pile. Sample analysrs was underway as of August 14, 1991. Shleldalloy
- will also perform a risk assessment of offsite contamination, and remediation of both the
radiological and ‘chemical contamination will be evaluated. Following cleanup, the source
material will be stabilized. No measures have been taken so far to keep additional low levels |
~of radiological contamination from being transported off site.” NRC has also requested
- Shieldalloy to provide a plan that would demonstrate compliance with the stricter limits
* proposed in 10 CFR Part 20 (effective January 1994), and also with NESHAPs. Shreldalloy
considers penmeter air sampling sufficient to demonstrate comphance

Source Term Determjr]ation

The three operating rare earth processors were surveyed by EPA., Molycorp and
Shleldalloy supplied process source term data iri response to the survey. Comparable
information was not available for Cabot Corporation. Instead, site meteorology was used in
conjunction with the methods in Regulatory Guide 3.59 to derive the airborne source term
for sludge that is stored in open-air Vented mausoleums. - Table 3-15 presents the source
terms used in th1s study ’ ‘

Table 3-15. Rare earth processors’ annual release rates. '

Cabot Corp. Mausoleums ’ : 1 7.6E-07 1:3E-06 _—I
Molycorp, Inc.. Tank Room S 10 " 1.5E-06 4.0E-08 "
B : Waste Treatment 5 7.0E-05 © 3.0B-06

Moly Building , 2 2.0E-07 . 2.5E-09
Shicldalloy " | Department 111 122 3.0E-04° 7.9E-05*

1. Th-232 assumed to be in equilibrium with its progeny. :

2., U-238 assumed to be in equilibrium with its progeny. U-235 value assumed to be 0.71% of the
U-238 value. U-235 assumed to be in equlhbnu.m with its progeny. ,

3. Value reported as Th-232 only. o

4. Value reported as U-238 only.
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Meteorologic, Demographic, and Agricultural Data

The meteorological data used in this study for Cabot Corporation, Molycorp, and
Shieldalloy were originally collected at Reading, Pennsylvania; Harrisburg, Pennsylvania;
and Millvalle, New Jersey; respectively. These data, which were in the form of stability
arrays (EPAS89), were converted to wind roses for use with the: COMPLY code.

Demographic data obtained for Cabot Corporation indicated that the nearest resident
is approximately 270 m from the mausoleums used to store sludge. Vegetables were N
assumed to be grown at this location. There are no milk- or meat-producing farms within
2,000 m. Therefore, to maintain consistency with the assumptions used for the Random
Survey, milk- and meat-producing farms were placed at 2,00Q m.

Demographic data obtained for Molycorp showed that the individual closest to the
tank room is a resident located at a distance of 100 m. The individual closest to the waste
treatment building is a non-resident located at a distance of 200 m, and the individual closest °
to the Moly building is a resident located at a distance of 100 m. Residents were assumed to
produce their vegetables at home. There are no milk- or meat-producmg farms within
2,000 m of the facility. Therefore, to be consistent with the assumptions used for the
Random Survey, milk- and meat-producing farms were placed at 2,000 m. |

Demographic data for Shieldalloy indicated that the closest individual is a resident
Jocated 225 m from the facility. Residents were assumed to produce their vegetables at
home. There are no milk- or meat-producing farms within 2,000‘ m of the 'faci]ity. ” .
Therefore, to maintain consistency with the assumptions used for the Random Survey, milk-
. and meat-producing farms were placed at 2,000 m.

3.7.3 Results of the Designated Survey for Rare Earth and Thorium Processdi‘s

The receptor exposed to the highest offsite concentration for Shieldalloy and for -
Cabot Corporation is a resident. At Molycorp, this individual is a non-resident; therefore, a
0.3 factor was applied to the dose calculated by COMPLY.® The maximum ede is
calculated for Shieldalloy Metallurgica] Coxporation; the dose received by this individual is

§ The value of 0.3 is based upon 10 hours per day, 5 days per Week 52 weeks per year
(10x5x52/8760=0.3).
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1.6 mrern/yr ‘The edes calculated for Molycorp and Cabot are 0.56 and 0.01 mrem/yr,
respectively. ' Inhalation i is the dominant exposure pathway for a]l three facilities. Refer to
Section 3 9 for a summary of dose estrmates

3.8 COlVIMERCIAL LOW LEVEL RADIOACTIVE WASTE DISPOSAL AND
INCINERATION

Many users of unsealed radioactive materials will generate solid, low—level radioactive
wastes (LLW) that require disposal. Such wastes may be incinerated on site or packaged and
‘shipped off 51te toa hcensed low-level waste disposal facrhty. ' ‘

LLW is generated from a vanety of commerc1a1 sources: research power plants,
d1agnost1c and therapeutic med:rcme manufacturmg, and others. When contaminated through
contact with radioactive matenal items such as paper, clothing, plastics, power reactor

- liquids, and medical fluids are classified as LLW. '

Waste Brokers

Waste receivers and shippers (sometimes called "waste brokers") are primarily

- collection and shipping agents for facilities generating LLW. Most such receivingQShipping
facilities simply collect the wastes from a number of waste-.generating facilities in shipping
‘containers approved by the Department of Transportation, monitor the packages for
contamination, and hold the wastes at a warehouse until they arrange a sh1pment to a licensed
- disposal site. The licenses of most such receiving and shipping facilities do not allow the . -
facility to repack or even open the waste packages. However, several such facilities are
licensed to open, compact, and repackage waste materials before shipment.

Incinerators

Most airborne effluents from handling LW come from incinerators: The practice of |
evaporatmg disposal site liquids has ceased, so this is no longer a source of releases to air.
Although incineration is done pnmanly by hospltals and large research laboratories (about
100 such medical incinerators are operating - EPA89), this section deals exclusively w1th
A mcmerators hcensed spec1fica]1y for commercial use.
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Some radionuclides may also be emitted from LLW disposal sites. / Currently, only
three sites (Barnwell, South Carolina; Beatty, Nevada; and Richland, Washington) are | »
operating. Disposal of LLW is controlled by the Low-Level Radioactive Waste Policy Act
of 1980 and its 1985 amendment. Any state that wishes to dispose of its LLW may join an
interstate compact or design its own facility in accordance with 10 CFR 61, among other B
options.

LLW disposal sites do not accept. spent reactor fuels, but may accepi: special nuclear
materials and transuranics meeting the classification requirements in 10 CFR Part 61. The
majority of LLW comes from power reactor operatlons, laboratory research, and medical
facilities. ' ’

Currently operating disposal sites typically consist of a large fenced burial area with '
buildings for decontamination, maintenance, and waste'preparatiod in one location. Wastes
are usually buried in the transport containers in which they arrive, which minimizes releases
to the atmosphere. The buried wastes are covered by overburden. New facﬂ1ty designs
being proposed typically use a lmer and a clay and/or concrete cap in addition to engineered
barriers. : : :

3.8.1 Previous Evaluations

Both incinerators (EPA89) and disposal facilities (EPA79, EPA84) have been
previously investigated. Airborne emissions from waste brokers are Judged to be bounded by
the operation of burial and ihcineration fac1ht1es :

Previously, EPA’s evaluation of incinerators was limited to those which were paxt of
hospital and medical research facilities because no commercial LLW incinerators existed.
Since EPAS89, a commerc1a1 LLW waste mcmerator has been licensed and is included in this
study. '

The potential public health impacts of the release of radioactive materials into ambient
air from LLW burial sites have been evaluated previously (EPA79, EPA84). The doses |
received by the most exposed members of the pubhc were found to be below the limits
_ established in the NESHAP :
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3.8.2 Evaluations of Specific- Facilities Made During the Reconsideration Period

EPA mvestlgated the LIw dlsposal process by evaluating the quarterly emissions
reports of Ticensees for operating facilities and reviewing the hcense apphcatlon of newly
proposed LLW waste compact facﬂmes '

For operating LLW disposal sites (I-Iaanord' Barnwell, and Beatty), EPA confirmed
. its prior analyses (EPA79 EPA84) through conversatlons with state radiation control
officers.” : :

For‘c'o‘mpaot sites,' EPA reviewed the NESHAP applications submitted by U.S.
‘Ecology for the disposal site proposed for Needles, California, and by Bechtel for the site
- proposed for Butte, Nebraska. The apphcat:lons were prepared following conservative EPA .
guidelines (EPA89a).- For example for the Needles apphcatron it was assumed that the
" nearest receptor produoes his own vegetables, meat, and milk at his home.

For incineration, EPA mvestlgated the SEG incinerator located in Oak Rldge
‘Tennessee. Quarterly data include radlonuchde content in waste incinerated, stack effluent,’
. scrubber efﬂuent and ash generated EPA’s review was based on data reported durmg the
- 12 months of 1990 Independent analyses were not performed. r

3.8.3 Restﬂts of the Desigg' ated Survev for Waste Dis_pgsal.and Incineration ;

Envrronmental momtormg results for the operatmg LLW disposal sites indicate that
- releases above ‘background have not been detected. As a result ‘no COMPLY calculations -
‘were made for these sites. o ,

For the proposed compact LLW d1sp0sa1 sites, the dose to the nearest receptor is

. estimated to be 7E-01. mrem/yr ede and 6E-01 mrem/yr ede from rad101odmes for the Butte
.Nebraska site (USE91). For the Needles, California, site, the dose is estimated to be
7E-01 mrem/yr ede and 7E-01 mrem/yr ede due to iodine (USES9).

7 M.r L. T. Skoblar of SC&A held conversations with the following persons during February 1992 Mr.
Vn:g11 Autry, South Carolma Mr. John Vaden, Nevada and Mr. Gary Robertson, Washmgton ‘
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For incineration operations, theldose to‘ the ma}dinally exposed individual is
established at less than 7E-03 mrem/yr edc, with 3E-04 mrem/yr ede from rad101odmes
(SEG91).

3.9 SUMMARY OF RESULTS

Table 3-16 summarizes all doses estimated as part of the Designated }Survey " As in-
previous EPA assessments of actual facilities, the NRC licensees studied are found to be
currently meeting the dose limits of Subpart I.




“Table 3-16. Summary of Designated Survey doses.

Utanium Tailings " American Nuclear Corp ‘ 3E01 N/A
. C - | Pederal American Mill = - : ' ) L, .
Riverton, WY ' . S o

.vAnaconda o : v 6E—01 e N/A

Anaconda Mill
Bluewater, NM '

Atlas | 1 1Bor N/A
Moab Mill = : ‘ .
Moab,' UT

"Exxon . y 1 1Bo1 . N/A
Highland Milt ,

Douglas, WY

Homestske | 2EO1 N/A
Homestake Mill S
Grants, NM

| Rerr McGee . - - 4E02 N/A
' ‘ Kerr McGee Mill ‘ - : ‘
. Ambrosia Lake, NM , ) -

Minerals Exploration 4E-02 . - N/A

Sweetwater Mill ‘ . :

‘I Rawlins, WY o . i .
Pathfinder 8 ' 6E-02 . N/A

Lucky Mc Mill i : o ) )

Riverton, WY

Pathfinder - R B 2E01 CN/A
Shirley Basin Mill L
Casper, WY , - . -

Petrotomics - 2E+00 N/A
Petrotomics Mill - :
Medicine Bow, WY .
1 Rio Algom : ' , ‘ 4E-02 © N/A
Rio Algom Mill : '
La Sal, UT

Umetco Minerals ‘  3B01 N/A

Gas Hills Mill
Riverton, WY
Umetco Minerals . B 2E-01 - » N/A
White Mesa Mill ) -

Blanding, T

Umetco Minerals : SE-03 NA
Uravan Mill - s : :
Uravan, CO




Table 3-16. (Continued)

Type of Facility

United Nuclear N
Church Rock Mill
Church Rock, NM

- 3E-01

N/A

Western Nuclear
Sherwood Mill
Wellpinit, WA

' 2E-01

N/A

Western Nuclear
Split Rock Mill
Jeffrey City, WY

401

. N/A

UF; Plants

- Wet Process
Allied-Signal Inc.
Metropolis, IL

TE+00

N/A.

- Dry Process
Sequoyah Fuels Corp.
Gore, OK '

3E+00

N/A

| Fuel Fabrication Facility

Westinghouse CNFD
Columbia, SC

6E-02

N/A

| Test & Research Reactors

National Institute of
Standards and Technology
Gaithersburg, MD

8E-01

N/A

University of Missouri
Columbia, MO

2E+00

N/A

MIT
Cambridge, MA

| 4E+00?

N/A

Radiopharmaceutical
Manufacturers

DuPont Boston
Boston, MA

SE+00

N/A

DuPont Billerica
Billerica, MA

2E-01

- < 2E01

Mallincrodt

9E-02?

- 9E-02

Hospital & Medical
Research Facilities

Maryland Heights, MO

NIH ,
Bethesda, MD

2E+00

1E+00

UCLA
Los Angeles, CA

3E+00

1E-01

UC Irvine
Irvine, CA

3E-02%

< 3E-02

Johns Hopkins
Baltimore, MD

8E+00

4E-01

University of Wisconsin
Madison, WI :

‘ 6E-01*

6E-02 |
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Table 3-16. (Continued)

< 3E-02

uc San Francisco 3E-02?
San Francisco, CA :
Manufacturers of Sealed Safety Light Corp 4E+00 N/A
Sources : Bloomsburg, PA '
NRD, Inc. o 5E-02 N/A
Grand Island, NY
Neutron Products 7E03_ N/A
] Dickerson, MD e
. Testing -of Depleted Aberdeen Proving Grounds 6E-04 N/A
Uranium Munitions . U.S. Army = . '
; ' Aberdeen, MD
Rare Earth & Thorium Molycorp, Inc. ' 6E-012 N/A
Processors York, PA
Cabot Corporation 1E-02  N/A
Boyertown, PA . )
'Shieldalloy Metallurgical Corp, 2E+00. . N/A
Newﬁeld Ny ' '
Cémmerciallnw—Level US Ecology (USES9) 7E-01 - TE-01
Radioactive Needles Site, CA ' '
Waste Disposal & o
Tncineration US Ecology (USES1) 7E-01 6E-01
Butte, NE. ’
SEG (SEGO1) <7TE-03 <3E-04
Oak Rldge, TN o
/ Barnwell Site. Emissions not-measurable above
Aiken, SC background .
Beatty Site Emissions not measurable above
Beatty, NV background
Hanford Site Emissions not measurable above
Richland, WA . background

1. Results are for reéidents unless otherwise ‘statéd. 'AJl values are rounded to the nearést whole number.'

2. Nonresident: COMPLY result m\ﬂtiplied by a factor of 0.3 for people in businesses or offices.-
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" 4. Resulis of Random Survey of Licensees
4.1 PURPOSE OF THE RANDOM SURVEY

. In the previous radionuclide NESHAPs rulemaking for the source cétegofy of the
NRC-licensed facilities other than nuclear power reactors the Administrator found that
current levels of emissions were acceptable. The dose and risk assessments the
Administrator used in making his decision were based on evaluations of facilities beheved to
have the greatest potential emissions, i.e., they were the worst case facilities (see Chapter 3).
However limitations in EPA’s knowledge about the thousands of facilities included in this.
~ source category led to some uncertainty as to Whether the facilities evaluated bounded the
maximum doses and risks. :

The purpose of the random survey is to prov1de add1t10na1 confidence that the
facilities evaluated prev1ous1y by EPA, and presumed to represent the "worst cases" in terms
of MIR, actua]ly do represent the upper-bound of the doses caused by the NRC-licensed

facﬂ1t1es Given the number of facilities in the sample (approximately 350), the probability
statement that the highest estimated  dose observed in the sample is greater than or equal to
- the 99th percent:lle dose for the entire population can be made at the 95 percent confidence
' level ‘

| This chapter evaiuates the radiological impacts of NRC’s programs, using actual or
estimated data reported by all sampled operating facilities. 1t presents a current " snapshot"”
in time of the doses caused by the normal operatlon of the NRC-licensed fac1]1t1es

~ In making its evaluation, EPA chose the computer che COMPLY to estimate doses..
COMPLY was chosen because, for many of the situations being assessed, COMPLY’s
dispersion model is more appropriate than available alternatives, including the CAP-88
codes. ‘In making dose evaluations, the procedures set forth in EPA89a were followed with
'two adjustments. First, the default release fraction of 1 was not used to estimate Xe~133
- emissions from radlopharmaceutlcal manufacturers and nuclear pharmames Second, for s1tes
where the location of the Teceptor was a school or office rather than a residence, an
" occupancy factor was applied. 'Iihese adjustments are discussed more fu]ly in Section 4.2.




4.2 METHODS FOR SELECTING THE RANDOM SAMPLE AND DATA
REQUIREMENTS

4.2.1 Selection Criteria

Because the facilities of interest number in the thousands, it was not feasible to
evaluate all emissions and doses. Accordingly, the only way to increase the certamty that the
maximum doses observed in the Designated Survey of facilities actually represent the upper
bound is by using statistically significant data obtained from a sample of all facilities. The
statistical approach is based on a random sample of facilities selected from lists of licensed
facilities provided to EPA by NRC and the Agreement States. Facilities with no potentlal for -
mrbome emissions during routine operations, i.e., those using rad10act1ve sources only in a
sealed form (sealed sources), such as well-logging, were excluded from the Random Survey.
The only other facilities excluded from the survey were fuel cycle facilities licensed by NRC.

4.2.2 Data Reguirements

In order to make the dose estimateﬁ, site-specific data were required from users of
unsealed sources of radioactivity. Questionnaires were sent to a random sample of facilities )
using radioactive materials to obtain the release rates and other necessary parameters from -
those using unsealed sources. The selected assurance level of 95 percent requires a sample
of dose estimates for apprommately 300 facilities to infer the dose below which 99 percent of
all licensed facilities lie. . T : "

Table 4-1 summarizes the sample selection process and responses. The database
available for sampling, compiled from NRC- and state-supplied data, included approximately
12,000 facilities. State-supplied data were generated in response to an EPA request for
information sent to each Agreement State. The input obtained for the database :mcludes
licensed facilities using both sealed and unsealed sources.

The database disﬁnguishéd between those facilities licensed directly by NRC (strata
one) and those licensed through Agreement State;s (strata two). The relative frequency of
facilities using only unsealed sources differs in these two strata (i.e. ,-population of facilities)
due to the differing sources of information on licensees in these strata. Initial sampling of
these strata permitted estimation of the relative proportion of unsealed source sites in each
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Table 4-1. Suﬁlmary of Random Survey responses.

1. Number of Facilities in Database 6600 | 5700 12,300
2. Number of Facilities Surveyed 360 | 310 - . 670
‘ (percent of item 1 above) . ‘ 5.5% 5.4% : 5.4%
‘3. Number of Unsealed Source Sites 170 | 200 - 370
: (percent of item 2 above) 7% . . 65% . 55%
4. Estimated Number of Unsealed - | 2,80 |- 3,400 6,200
, Source Sites in Population ' 5% 55% o
(percent of total) ‘
5. Number of Sites Submitting =~ 169 198 367
- Questionnaire Data for COMPLY 46% 54% -
(percent of total) . , : :
6. = Estimated Sampling Frequency | 62% 59% 6.0%
of Unsealed Source Sites® '
(item S as percent of item 4) )
a. . The agreement of the three percentages in item 6 indicates a nearly proportlonal sample of
'NRC and Agreement State unsealed source sites.

strata. “Sampling frequencies for selection from the two strata were adjusted slightly to yield '

. a targeted number of unsealed source sites in each strata. From the entire sample, it is
estimated that 47 percent of the NRC-licensed facilities and .65 percent of the facilities -

: hcensed by Agreement ‘States used unsealed sources. Selected facilities using other than just
sealed sources were asked to complete the quest10nna1re The quest:lonnalre is presented in
Append1x G.

- Based on the sample proportlons of unsealed source s1tes in each strata, it is estlmated '
that there are apprommately 6,200 facilities usmg only unsealed sources.

‘ The final result of the sample selection procedure was a nearly proportional .
 représentation (approximately 6 percent) of the estimated number of unsealed source sites in
each strata. Information was obtained from 367 51tes with 169 from the NRC strata and 198
~ from the Agreement State strata. These sample sizes result in apprommately equal sampling
weights for sample facilities in each strata. Due to the equal weighting of the selected
sample facilities, the sample is cons1dered to be "self-welghtmg" in the ‘statistical analysis
below. :




Some or all of the following information was obtained through EPA’s quesﬁoﬁnaireé:

° The emission rate or annual usage of each radlonuchde to calculate the annual
amount released;

L The size of the building (maximum length; width, and height), which
influences the dispersion pattern;

° The distance and direction to the receptor (both a resident and the closest
office, school, business, or classroom) and the distances to the locations where
vegetables, milk, and meat are produced (farms, not restaurants or stores).
These factors influence the dose received through various pathways and

® Informatlon regarding the Theight, dlameter and flow rate of the stacks or
vents from which the rad10act1v1ty is released

In addition, data regarding the frequency the wind blows from a glven dxrectxon and
its average speed for each of 16 sectors (e.g., N, NNE, NE, ...) were obtained from the ‘
National Oceanic and Atmospheric Administration (NOAA). This is called a wind rose and, "
together with the dimensions of the building from which the radionuclides are released, is
used to determine the radionuclide concentrations in air at the receptor locations.

The cases studied were based upon specific data and assumptions. The emission rates -
were either the measured values supplied by the facility on the survey form or were based
upon the actual amount of radioactive material used at thel-féci]ity as indidated on the survey
form. The product of the actual amount of each radionuclide used during a o,ﬁe—year period
and a release fraction gives the estimated release rate. The release fractions used were those
given in "A Guide for Determining Compliance with the Clean Air Act Stzindards for
" Radionuclide Emissions from NRC-Licensed and Non-DOE Federal Facilities” (EPA89a). If .
the respondent mdlcated that effluent controls (HEPA filters, charcoal filters, etc.) were
used, then the emissions estimated using the release fractions were reduced by the factors
given in EPAS9b for the various effluent controls. The only exception to this was the use of
a release fraction of 0.01 (1.0 percent) for xenon at nuclear pharmacies The Food and Drug
Administration limits the leakage of xenon to 0.5 percent per day (Mu91)

The meteorological information from the closest location havmg terra.m s1m11ar to the
site was used. Data from 453 weather stations in the United States were available to
generate wind roses to use in COMPLY (INOAA90). ‘
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The closest receptor was located at the distance and direction indicated by the survey

“form. If the closest receptor was a resident not living in the building releasing the
radionuclides, the receptor s_source of vegetables was taken to be at the location of the

- receptor s home. The receptor s source of milk and meat was located at the closer of either
- the distance indicated by the survey form or a default value of 2,000 m. If the closest
Teceptor was in an office, school, or business, or if the receptor lived in the building where
the release occurred, the sources of vegetables, milk, and meat were taken to be the closer of
either the dlstance glven by the survey form or 2 000 m. .

The building djmensions and stack parameters used were those supplied by the survey:
" form. If there were no ofﬁces or residences in the building from which the release occurs,
then COMPLY does not need stack information unless there is a tall stack (greater than

" 25 times the building height). If the stack is less than 2.5 times the buﬂdmg height, v
COMPLY treats the release as a ground—level release and applies modified Gaussian plumie
or emplncal models to estlmate d1$pers10n - » ‘

If the closest receptor was in an'office, school, or business (as opposed to a
‘residence), an occupancy factor of 0.3 was applied. The value of 0.3 is based upon 10 hours :
| per day, 5 days per week, 52 weeks per year (10x5x52/8760=0.3). If'the closest receptor

was in a classroom at a college or university, an occupancy factor of 0.1 was applied. The
value of 0.1 is based upon 20 class hours per week, 45 weeks per year (2_0x45/ 8760=O.l).

_ The reported dose is the larger of the calculated dose to the closest res1dent 0.3 times.
the calculated dose to someone in the nearest office, school or business, or 0.1 times the
calculated dose recelved ina college classroom

43 1\'IE'I‘HODS FOR EVALUATING DATA

Radioactive releases from a facility may contribute to radiation exposure through |

 several external and ‘internal exposure pathways. External exposures may result from direct

cloud immersjon or from radionuclides deposited on the ground. Internal exposure may '

result from inhalation of airborne rad10act1v1ty or from ingestion of contaminated food

products The magnitude of public exposure from a facility is largely determined by the

- quantity of specific radionuclides contained in the airborne emissions and by the atmosphenc
dispersion and depos1t10n processes | :
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Computer codes are commonly used to model dispersion and deposmon processes that
determine human exposure. EPA has developed the COMPLY computer program to
estimate doses from radionuclide emissions to the air. The following documents provide
more information about COMPLY: ‘ ' L

L EPA 520/1-89-001, "BID Procedures Approved for Demonstratmg Compliance "
with 40 CFR Part 61, Subpart I"

L EPA 520/1-89-002, "A Guide for Determlmng Compliance with the Clean Air
Act Standards for Radionuclide Emissions from NRC-Llcensed and Non-DOE
Federal Facilities"

e EPA 520/1-89-003, "User’s Guide for the COMPLY Code"

COMPLY is an air-dispersion code. That is, it takes estimated or measured airborne
effluent release rates, calculates the amount by which the radioactivity is diluted as it is
carried by the wind, and estimates air, ground, plant, and animal radionuclide concentrations
at various distances from the release point. From these concentrations, COMPLY calculates
the radiation dose resulting from i immersion, ingestion, mhalatmn and exposure to ground
contaminated by deposition of airborne radloactmty ‘ :

COMPLY has several levels of complexity. As the complexity increases, the
estimates become more realistic, and more information is required to run the code. All cases
in the random survey of licensees were run using the most realistic level (Level 4). ’

4.4 RAW RESULTS OF THE SURVEY

4.4.1 Results o o

NRC’s programs have been evaluated based on the calculated maximum individual
doses resulting from the operation of licensed facilities. Maximum individual doses were
calculated using COMPLY with input from EPA’s questionnéires. - The highest estimated
dose is 8 mrem/yr for all nuclides and 0.67 mrem/yr for iodine. Table 4-2 presents the
number of facilities having doses in various ranges. Seven facilities have doses above
1 mrem/yr, and none has doses above 10 mrem/yr. These doses alfe_.b,elow the limits
established by the NESHAP. Section 4.5 contains a statistical analysis of these results.




b

Table 4-2. Nilmber. of facilities having doses in various ranges.

1E-13 to 1E-12° 0 1

1E-12 to 1E-11 0 2

| 1E11 to 1E-10 . 3 7
- _ 1E-10 to 1E-09 2 24
| . 1E-09 to 1E-08 4 18

1E-08 to 1E-07 7 23

"1E-07 to 1E-06 ' 16 30

' 1E-06 to 1E-05 | .29 i 47

| " ' 1B0Sto1B04 - | 56 : 33

" '1E-04 to 1E-03 - .79 36

. 1E03 to 1B02 I IR 1 ‘ 32

I 1E-02 o 1E-01 . e | 28
EOLtol0 - | 16 R

1.0 to 10 - o 0

Z >10 o ( 0
o Total 367 -, 290

4.4.2 Tranglation from Dose to R1sk

~ The EPA standard for NRC licensees under Subpart I is in terms of effective dose
equivalent, a system of dose estimation recommended by the International Commission on -
Radiation Protection (ICRP). EPA adopted this system because it is simple, related to risk,
‘and widely accepted by leading national and international advisory bodies. |

"EPA’s past risk models differ slightly from those underlying the ICRP
‘recommendations, primarily due to advances in the field of radiation risk since the ICRP
" recommendations were published. As a result; the risks calculatéd_ by EPA are not strictly
proportional to the ede derived using the ICRP quality factors and vorgan’ weighting factors.
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While the risk methodology underlying the ICRP ede differs from that used by EPA in the )
past, EPA believes that 3 mrem/yr ede is apprommately equal to a hfetlme md1v1dua1 risk of
1 in 10,000.

4.4.3 Assumptions

Because assumptlons can have a significant effect on the outcome of a study, those
made in running the COMPLY code are discussed in greater depth in Appendlx H.

4.4.4 Population Dose Estimates

As discussed in Section 1.2, the multi-factor approach adopted by EPA for
determining whether the emissions from a given source category are safe with an ample
margin considers both the total incidence of health effects and the distribution of the risk
across all individuals in the exposed populatlons in conjunction with the risk to the mamma]ly
exposed individuals. In the BID supporting the 1989 rulemaking (EPAS9), the fatal cancer
incidence for the NRC-licensed source category was given as 0.2 deaths/yr, and 99 percent
of the exposed population (the entire U.S. population, assumed to be 240 million) was
estimated to be at a risk level of less than 1E-06. The data obtained from the Random
Survey bave been examined to determine whether they are consistent with these population
risk estimates. ‘ ‘ o

As indicated in Table 4-2, no facilities were estimated to produce doses in excess of
10 mrem/yr. This would indicate that very few, if any, individuals have been exposed to a
lifetime risk substantially in excess of 1E-04, as discussed below. \ |

Table 4-2 also reveals that several facilities have produced doses in excess of
approximately 0.01 to 0.1 mrem/yr, which is assocrated with a lifetime risk of cancer on the
order of 1E-06. Using 0.03 mrem/yr as the dose associated with 1E-06 lifetime risk of
cancer, 52 of the 367 facilities evaluated may have emissions assocrated with risks in excess
of 1E-06.

The population dose was estimated for each of the facilities in the sample where a

person received a dose greater than 0. 03 mrem/yr. The calculation was carried out by
finding the distances at wh1ch the sector-averaged doses fell in the ranges of 0. 03 to 0.3,
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0.3 to 3.0, and 3 0 to 10 mrem/yr The numbers of people in the annuli defined by these
dlstances were estimated usmg Census Bureau data (CB88) The number of people at the
various levels of exposure is shown in Table 4-3.

Table 4-3. Population dose estimates.

 0.03t003 1E-06 to 1E-05 2,000 34,000
03t03 1E05 to 1IE04 | 89 1,500
3 to 10  1E-04 to 1E-03 1 | 17

The estimated number of people at each level of exposure for the 6,200 facilities is

- 6,200/367 (= 17) times the number in the sample of 367. The estimated number of cancer
deaths is about 0.3 per year, and more than 99 percent of the population is at a risk level of
'less than 1E-06. These estimates are consistent with the estimates in the 1989 BID (EPAS9).

4.5 STATISTICAL INTERPRETATION OF 'I‘HE RESULTS

The principal objectlve of the Random Survey design was to answer the following
quesuon "What is the value of X such that, with at least 95 percent assurance, the 99th
percentile of the distribution of doses from these facilities does not exceed X mrem/yr where
X mrem/yr i is the highest dose estimated: for all the fac:htles in the sample?" A second
obJecnve was to estimate other percentﬂes of dose based on the statistics derived from a
fitted dose distribution. Finally, models fitted to the sample dlStl‘lbuthll of exposures perm1t

A extrapolatlon of the fitted curves out to 10 mrem/yr and beyond.

Previous analyses of the maximum dose to the public from NRC-Kcensed facilities
other than nuclear power reactors relied on the analyst’s Judgment in selecting the facilities
most likely to have high exposures. This current analysis was designed to reduce the .
uncertainty inherent in these judgments by using random samphng methods to provide

- additional information about the population dlsmbutlon of doses to maxnna]ly exposed
individuals at these sites. : :

-
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Extrapolating the resilts of this study to the entire populatlon of the NRC-hcensed
facilities other than nuclear power reactors involves three assumptions:

All facility estimates are based on running the COMPLY code and thus depend
both on collecting appropriate data on emissions and nearby individuals from
each facility and on the ability of the code and its user to model the maximum
individual exposure based on these data. All the data must be submitted,
interpreted, and used in a similar manner.

Non-parameétric estimates of population parameters, such as using the sample
maximum to provide an upper bound on the 99th percentile of the population
distribution or extrapolating sample percentiles to the populatlon depend on
the representativeness of the selected sample

Parametric estimates of the population parameters such as the anthmetlc or
geometric mean, depend on assumptions concerning the specific mathematical
form of the population distribution. Parametric estimates for the upper ‘
percentiles of the population distribution are least robust to departures from the
assumed probablhty dlstnbuuon

The sources of uncertainty assocmted with these three assumptlons are difficult to

quantify.

The maximum individual dose estimates c1ted in Table 4-2 from all nuchdes and from
tadioiodine only are summarized in Tables 4-4 and 4-5, respectively. Table 4-4 prov1des the
range, median, arithmetic and geometric mean, as well as-distribution percentiles of the /
effective dose equivalents for the 367 facilities in the Random Survey that use unsealed
sources. Table 4-4 summarizes results for doses from all radionuclide sources, and
Table 4-5 summarizes radioiodine doses for the 290 sample facilities using radioiodines.

Sample doses in Part A of Table 4-4 range from 2.3E-11 mrem/yr up to 8 mrem/yr,
with a median dose of 6.9E-04 mrem/yr. The geometric mean is below the median, at
4.4E-04 mrem/yr, while the arithmetic mean is s1gmficant1y hlgher than the median and
geometric mean, at 9.1E-02 mrem/yr

Examination of the estimated percentiles of the dose distribution m Part B of
Table 4-4 supports the following conclusions, based on the use of the sample distribution
percentiles to provide unbiased point estimates of the population percentiles:




Table 4-4. Estimated distribution of maximum individual doses.

[

Minimum Dose ,

2.3E-11 mrem/yr

Geometric Mean

- 4.4E-04 mrem/yr

Median Dose

 6.9E-04 mrem/yr

9.1E-02 mrem/yr

Aﬁthmetic Mean

Maximum Dose ]

Sample Size

‘8.0E+00 . mrem/yr
. 367

10 1.6E-06 - 331 5,538
20 1.7E-05 204 4,922
30 9.2E-05 " 257 4,307
40 2.7E-04 220 3,692
50 6.9E-04 184 3,077
60 2.0E-03 "1'44/1 2,461
70 - 5.2E-03 110 1,846
80 1.6E-02 73 1,231 .
90 5.9E-02 36 615

.95 2.0B-01 18 308
99.0 ' 3.913400 3 62 I
99.7 8.0E+00 1 18




Table 4-5. Estimated distribution of maximum individual dosgés for radioiodine.

| Minimum Dose | | 1.9E-13
I Geometric Mean s 6.1E-06 N
H Median Dose . , , 8.1E-06 '
“ Arithmetic Mean ' : ’ " 1.3E-02
Maximum Dose . 67B01
Sample Size , | , 290

10 8.0E-10 261 | 4,376
20 3.9E08 232 3,890
30 24807 203 3,403
40 ' 1.8E-06 : 174 2,917
50 . 8.1E-06 s . 2,431
60 ‘ 4.2E-05 ' 116 - 1,945
70 3.4E-04 1 e 1,459
80 . 2.4E-03 58 - : 972
90 o 2.0E-02 29 : 486
95 6.0E-02 4 ‘ 243
99.0 3.9E-01 | L3 a9
99.7 6.7E-01 L1 19
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1. - Doses from all sources at over half of the facﬂ1t1es in the populatlon are below
B OOOlmrem/yr o o o o

2. . The 95th percentile of the dose due to all sources is estimated to be
 '0.20 mrem/yr. This dose is exceeded by 18 (approximately 5 percent) of the -
sample facilities. We estimate that there are approximately 310 facilities in the
‘ populatlon exceeding this level of dose. - '

" 3. . The99th percentile of the dose due to all sources is estimated to be
3.9 mrem/yr. This dose is exceeded by three (approximately 1 percent) of the
sample facilities. We estimate that there are apprommately 60 facﬂ1t1es in the
populauon exceedmg this’ dose 1eve1 ‘ v

‘Each of these point estimates has an associated uncertamty reglon The mameum
dose at any of the 367 sample facilities is 8 mrem/yr, indicating that there is more than
- 95 percent assurance that the 99th percentile of the dose distribution for the entire population
of facilities is below 8 mrem/yr, regardless of the form of the population distribution (G178).

. As noted in (3) above, the expected value of the 99th percenule is 3. 9 mrem/yr. There is

over 95 percent assurance that the true 99th percentﬂe of the populat:lon is less than a factor
. of 2.1 greater than thlS pomt estimate. '

. Sample radioiodine doses in Part A of Table 4-5 range from 1.9E-13 mrem/yr up to
0.67 mrem/yr, with a median dose of 8.1E-06 mrem/yr. The geothetric mean is slightly
below the median, at 6.1E-06 mrem/yr, while the arithmetic mean is significantly h1gher than
the med1an and geometnc mean, at 1.3E-02 mrem/yr .-

Exa.mmatmn of the estimated percentiles of the iodine dose distribution in Parl: Bof
Table 4-5 yields the following conclusions based on the use of the sample d1stnbut10n to
prov1de unbiased point estimates of the populatlon percenules

1. ..Doses at over half of the popu]atmn of facﬂmes using jodine’ sources are below
1.0E-05 mrem/yr. o s ‘ :

2. . The 95th percentile of the dose due to iodine sources is estimated to be - .
-0.06 mrem/yr. This dose is exceeded by 14 (appro)umately 5 percent) of the
sample facilities using iodine sources. We estimate that there may be
apprommately 250 facﬂmes in the populatlon exceedmg this level of dose.

3. The 99th percentﬂe of the dose due to iodine sources is estimated to be
approximately 0.4 mrem/yr. This dose is exceeded by three (approximately
1 percent) of the sample facilities using iodine. We estimate that there may be
apprommately 50 facilities in the population exceedmg this 1odme dose level
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These point estimates of the jodine dose distribution have an associated uncertainty |
region. The maximum dose at any of the 290 sample facilities using iodine sources is
0.67 mrem/yr, indicating that there is more than 95 percent assurance that the 99th percentile
of the iodine dose distribution for the population of facilities using iodine sources is below
0.67 mrem/yr, regardless of the form of the population distribution (G178) As noted in €))
above, the expected value of the 99th percentile is 0.4 mrem/yr. There is over 95 percent
assurance that the true 99th percentile of the populatron is less than a factor of 1.7 greater
than this point estimate.

In the following discussions, additional information concerning the distribution of
maximum individual dose from all sources at all facilities, and for the distribution of
maximum individual iodine dose at all facilities using iodine soin‘ces, is provided by
graphical analysis of the sample distributions. The empirical sample distributions are
compared to fitted models from the lognormal distribution and the hybnd lognormal (HLN)
distribution. «

4.5.1 Erequency Distribution Analysis

The frequency distribution of sample doses for all sourees is graphed in Figure 4-1,

which also shows a lognormal distribution fitted to the data. The vertical bars on this figure
show the histogram (bar graph) of base 10 logarithms of the dose estimates at each site.
This histogram of the logarithms of the estimated dose would have the standard normal

" "bell-curve" shape of the fitted distribution if the underlying population distribution were
lognormal. Some depletion in the right tail of the sample distribution is evident above -

0.1 mrem/yr; otherwrse the data appear to be approximately lognormally distributed from
this perspective. There are no obvious extreme outliers in the sample data.

A similar graph showing the distribution of iodine doses and a ﬁtted lognormal model
is presented in Figure 4-2. The lognormal model appears less’ appropnate in this case. ‘The
laxrge "shoulder” in the sample distribution near 0.1 mrem/yr gives way to a sudden depletlon
in the right tail above 0.1 mrem/yr. As a result the lognormal curve underestimates the
sample distribution in the shoulder region and overestimates the sample distribution in the

upper tail.
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.. Distributions of the type shown in Figure 4-2 are often encountered in the analys1s of
dose d1stnbut10ns (EPA84a). The HILN model (EPA84a Ku81, Ne82) was developed to ‘
better fit the depleted upper tail in these distributions. One argument for the I-ILN
distribution is that in the absence of regulations that restrict maximum exposures, the
observed distribution of doses would probably be lognormal Due to the existence of °

: dose-limiting regulatlons, exposures in the upper tail are "moved down" through active
control measures to below the legal threshold, thus depletmg the upper tail without changing
the general shape of the lower tail. This may lead to a "shoulder" of the type shown in

. Figure 4-2. In the HLN model, the upper tail is modeled as a normal distribution, and the

~ lower portion of the distribution is modeled as a lognormal. The mixing parameter is .
: defined aé "tho" (tho- > 0)." If the random variable is X, the HLN distribution is
‘ . predominately a normal distribution above rhoeX = 1 ‘and predommately a lognormal
- distribution below thoeX = 1; i.e., X = 1/rho is the boundary.

Figure 4-3 compares the fitted lognormal and HLN density functions to the sample
iodine dose distribution. The 'rho parameter was estimated to be 7.7 (see below), indicating
that the normal model becomes predominant at approximately 0.1 mrem/yr. The HLN
model appears to fit better in the. shoulder and upper ta11 regions; however, there is equal
lack of ﬁt in the middle and lower tail reglons for both models.

' 4.5.2 Cumulative Distribution Analysis

Figure 4-4 shows the cumulative sample distribution function and the cumulative
distribution of the fitted lognormal distribution for the dose from all sources. The
cumulative distribution function plots the percentage of facilities with dose less than or equal
to level X. At this scale, the lognormal model’ ‘appears to fit well. However, in the enlarged
view of the upper tail provided by the graph in Figure 4-5, the lognormal model appears to
overestimate at the nine highest dose values observed. in the sample. Note that the graph i in
Flgure 4-5 does not use a logarithmic scale, which tends to obscure the upper tail region.
Also, the vertical axis is defined as the percentage of fac:htles exceedmg a given dose on the ,
X-axis. ‘

Figure 4-6 shows the cumulative sample distribution function, and the cumulative
distribution of the fitted lognormal distribution, for the dose from iodine sources. At this
scale, the lognormal model appears to fit fairly well, except in the uppermost tail region. .In
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the linear scale graph of Figure 4-7, the lognormal model aijears seriously to over-estimate |
the 19 highest iodine dose values observed in the sample. The graphs in Figui'es‘ 4-4 through
4-7 show that the density function and the cumulative distribution function graphed on a
logarithmic scale may obscure the lack-of-fit of the logpormal distribution, particularly in the
upper tail. One approach to this problem is the use of a normal probability "scale for the
vertical axis. The advantage of such transformations is that the data should appear as a
straight line when normal probability scales are used, if the selected model is appropriate.
Deviation from a stra:lght line, an indication of lack of fit is easy to observe in graphs of thls

type.

If a lognormal model is to be fitted, then,a plot could be made w1th the honzontal
axis transformed to a natural logarithmic scale (In X). . Altematlvely, when fitting the HLN
model with mixing parameter rho, the appropriate transformation for the horizontal axis is
rho*X + In(rhoeX). Figure 4-8 shows a plot of this type, termed an HLN-probability plot,
with the X and Y axes transformed so that data from an HLN djstrib,ution'would be a straight
line. With this transformation, the HLN-fitted line is straight, but not the lognormal ]jne.
Note that the upper tail of the sample distribution fits the HLN (straight-line) model slightly
better at the highest few data points. The rho parameter for the HLN ‘was estimated to be
0.14, indicating that the normal model is appropriate above approximately 7 mrem/jrr pear
the highest observed data values. This accounts for the s1m11a11ty of appearance of the two
models over most of the range of observed sample values -

A similar plot for the radioiodine dose disuibuﬁon_ié shown in Figure 4-9. 'In this
figure, the poor fit of the lognormal model in the upper tail is very evident. Again the data
appear to form a straight line, indicating that the HLN model is appropriate. The tho
parameter for the HLN was estimated to be 7.7, indicating that the normal model
isappropriate above 0.1 mrem/yr. In this case, the transmon to normahty occurs we]l w1th1n
the range of the observed sample data. '

Figure 4-10 compares the fitted lognormal and HLN cumulative distribution functions
to the sample dose distribution for dose from all nuclides. In this graph, the distribution for
sample doses from all nuclides appears to fit equally well to the two models, and the two
models are barely distinguishable. Figure 4-11 shows an enlargement of the extreme right
tail of this distribution, with the data for the 18 highesf values denoted by "+’s." The fitted -
HIN model passes nearer the highest 10 data points, which demonstrates that the fit of the ‘

4-322




"[SPOJAl [eULIOUSO] PANL] UNM UONINQLYSI(] QUIPO] m.o [, owonxg * :N am3ryg

VIV TIINVS GINNVY  + -
we)m U 3800 =X - : : S
g0 . - 90 vo g0 o
1. _ , ! A_‘ , L L ‘ L L . %00
|+ | | -
—g ‘ %0’}
. . ; : R R ) t d
— — %z 2
| gF z
t o Lo . O 3
300N WINIONDOT 5 9
| 3
&Oﬂ D ‘
—E 2
=
3‘ i
7]
%Y =
-3
L
8
%S @
<.
-v
.
%09 .

—= %0L




'SIPO N'TH PUE [EUrIouSoT pany WA 1°0=00y WM 10[d AITIqeq0Id-NTH §-p o

VIV I1dNVS  + -
3SOQ*OHY + ( 3SOQ*OHY INT= X

VINIONOOTT
130N N'H

\

\\

+

3IvOS ALNIEVEOYUd TVINUON

4-24



x  "augpoy Jog EEE.E,m PUE [2ULIOUSOT YIIM L'/ = M 0] A119eq01d-N'TH "6~y 281
- VIVATIdNVS  +
'3SOQ*OHY +  3SOQ*OHY INT= X |
o o ol- - o o6~
. 1 : _ 1 L | L | £~
. N...,,
Z
) o
L
> g
e
o
. )
0 >
@
g
c
L
7]
= O
. >
o -~
m
- IVIRIQNDOT - | . ] o - ke
300N NH R




*ST9PON N'TH pue _meuoamoq PNty 9_3 noussgma 9s0(] aATE[WND “Q[-p SInF1g

ViVad I1dNVS . + - -
(weJw Ul 3S0Q )0IDOT A -

TR %0
- %o
|+ %oe

— %08

4-26

~ %0
— %05

~ %08

SALMDOVH 40 INIDYId

— %0.
— %08

| %06
WINUONDOT e :
R -1 %001

1300 N'H




“S[OPOIN N'TH pue [ewriousor] wos_m.&_a uonnqrnsiq ofdueg jo ey, o&obxm ‘11-p om3ry

VLVA F1dNVS GDINVY  +

weJu Ut 3500 = X
"o a o . 8 g 'y 2z - 0
‘ ! ! I L 1 | _.. §  _,. S —— L %00
, +__TIGON N'H -

T3AON TVINYONDOT | -

— %01 m

A

0

m

: ‘+ . . T <

—- %02 7

-

* =

o\ | &
o - %0°€. m

o 3

¢l 2

141 Y

G [ %0%

ol | |

LUt
, 81|+

%0'S




HLN distribution is better in the extreme right tail of the sample distribution. The HLN
model departs from the lognormal model at approximately 1 mrem/yr and then\approaches
zero more quickly. Alternatively, the lognormal model decreases slowly out to 10 mrem/yr N
and beyond. The cumulative distribution of radioiodine doses in the sample and the fitted
lognormal and HLN models are shown in Figure 4-12. The distribution of sample
radioiodine doses appears to fit somewhat better to the HLN line. Figure 4-13 shows an
enlargement of the extreme right tail, with the data for the 20 highest values denoted by

"+°s." The fitted HLN model line is close to the highest four values, demonstrating that the o

fit of the HLN distribution is much better in the extreme right tail of the sample radioiodine
dxstnbuuon The HLN model departs from the lognormal model at approxmlately |

0.1 mrem/yr, and then approaches zero more quickly. Altematlvely, the lognormal model
decreases slowly out to 1 mrem/yr and beyond

The graphs in Figures 4-11 and 4-13 show the fitted lognormal and HLN models for
dose from all nuclides and for radioiodine doses, respectively. These models, fitted to the
sample distribution of exposures, permit extrapolation of the fitted curves out to 10 mrem/yr
and beyond. These estimates derived from the fitted models are presented in Table 4-6,
which contains estimates of the percentage and number of facilities exceeding 10 mrem/ yr-
from all nuclides and exceeding 3 mrem/yr from radioiodine nuclides. In part A' of the
table, the lognormal and HLN estimates of the percentage and number of facilities with
maximum individual dose excwdmg 10 mrem/yr are quite different. The lognormal model
estimates are 0.54 percent or approximately 33 facilities. ‘Based on the analysis above, these
estimates are high, since the lognormal model appears to overestimate the size of the upper
tail. A more realistic estimate is given by the HLN model: 0.22 percent or 14 facilities may
exceed 10 mrem/yr.

Radioiodine doses are anelyzed in Part B of Table 4-6. The lognormal estimates are
highlighted, since this model fits the upper tail of the sample distribution very poorly. The
HIN model estimates that less than one facility will exceed 3 mrem/yr of radioiodine dose to
the maximum individual. . |

Short of obtaining information and determining the doses to the public from every one
of the roughly 6,000 facﬂmes licensed by NRC or an Agreement State, some quesuons are
likely always to remain. Although the HLN and lognormal models allow for the possibility
that a relatively small number of facilities may exist that exceed the NESHAP limits, no
facility studied was found to do so.
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Table 4-6. Estlmated percentage and number of facﬂmes exceedmg specified
dose using the lognormal and hybnd—lognormal models.

© 0.54%

10.22%

33

u |

1.26%

< 0.0000001 %

61

<1-

Estimated values from the lognormal distribution are overstated due to
over-estimation by the model of the upper tail of the sample radioiodine

distribution.
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‘5. Quality Contfol
Several planned and systematlc actions were taken to provide confidence in the quality -
: of the BID’s results. These actions were designed to control activities affecting the quality of
the dose calculations and the quality of the, techmcal background information document.

First, EPA prepared a sample questlonnane to assess the hcensees ability to interpret

~ EPA’s needs and to respond w1th useful information. The samples were sent to a test group”

of NRC licensees and the responses analyzed Based on these samples, EPA’s quesuonnan:es
were modified to 1mprove clarity for the formal mailings.

Second all {mestionnaires received from licensees in response to the formal mailings
were logged in to prov1de a traceable record. Technical analysts then: reviewed the
questionnaires to assure that the data submitted reﬂected a proper interpretation of the
questionnaire’s requirements. In several instances, the review suggested that licensees may
" have erred in filling out their forms. In all such cases, the respondents were contacted to

discuss the items in question. Where appropriate; questionnaires were resubmitted with
“corrected ‘data. - '

"'Third, a single analyst performed the initial set of calculations to assure a consistent

.approach in interpreting the respondents’ questionnaires. To preclude the possibility that the

single analyst was hilns'elf misinterpreting respondents’ data; two independent;analysts were

- asked to (a) verify the initial calculations by inteipfeting the data from the questionnaires and

_ calculatmg the doses from the 50 facilities y1e1d1ng the h1ghest doses, and (b) review all '
assumptlons made by the ongmal analyst. , :

Finally,- the entire manuscript was submitted for multi-disciplinary peer review.
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APPENDIX A -

NRC’s ORGANIZATION, REGULATIONS, AND CONTROLS

This appendix explains the origins and Iieed‘for NRC and its predecessor, the
Atomic Energy CommiSsion, dating back to the Atomic Energy Act. It =
describes how NRC’s organization ‘prom_otes the discharge of its responsi-
 bilities and its ability to fulfill its legislative charter. Regulations and effluent
controls for NRC-licensed facilities cher than nuclear power reactors. are
described. - A
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- APPENDIX A
NRC’s ORGANIZATION, REGULATIONS, AND CONTROLS
© A1 - ORGANIZATION AND RESPONSIBILITIES OF NRC

-~ NRC regulates the civilian uses of source, byproduct, and special nuclear materials
-and nuclear reactors in the United States. This mission is, accomplished through the develop-
ment and implementation of controls (i.e., rules, regulations, guidance, etc.) governing B
licensed activities; licensing of nuclear facilities (i-e., issnance of permits and licenses) and
the possession, use, and disposal of nuclear matenals and mspectron and enforcement
activities to ensure compliance with these controls and the conditions unposed through
permits and hcenses B

A.1.1 Basic Functions

, NRC’s responsibi]ities include protecting public health and safety; protecting the
environment; protecting and safeguardrng materials and plants in the interest of national
- security; and ensuring conformlty with antitrust laws. During fiscal year 1990, NRC had
| approximately 3,200 employees and a budget of over $400 million to carry out three basic
functions: regulatory research and standards development, licensing, and mspectron and
L enforcement : ’
As part of its regulatory research and standards development functron NRC is
mandated by law to conduct an extensive confirmatory research program in the areas of
. safety, safeguards and environmental assessment. The Commission establishes regulatrons
standards and guidelines governing the varrous hcensed uses of nuclear facrlrtres and

' materials.

In its hcensmg functron the agency reviews and 1ssues hcenses for the construction
- and operatlon of nuclear power plants and other nuclear fac1]1t1es, and it licenses the

. possession and use of nuclear materials for medical, industrial, educational, research, and
other purposes. Regulatory authority for certain nuclear materials licensing has been
transferred to certain States under the Agreement States Program authorized by the AEA
However NRC retains ‘authority for licensing and regulatmg nuclear reactors. -
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NRC’s inspection and enforcement activities include various kinds of inspections and
investigations designed to ensure that licensed activities are conducted in compliance with its . '
regulations and other requirements. NRC enforces compliance as necessary.

A.1.2 Organization

A.1.2.1 The Commission. The Comm1s51on is oomposed of five members, appointed by the
President and confirmed by the Senate, one of whom the President designates as Chairman.
The Chau‘man is the principal executive officer of, and the official spokesman for NRC, as-
mandated by the Reorganization Plan No. 1 of 1980 (NRC90). The Advisory Committee on
Reactor Safeguards (ACRS), which was assigned a statutory role by Congress, independently |
reviews and reports on safety studies and applications for construction permits and operating
licenses. The ACRS advises the Commission with regard to hazards at proposed or existing
reactor facilities and the adequacy of proposed reactor safety studies. On its own initiative,
the ACRS may review specific generic matters or nuclear facility safety issuesQ :

A.1.2.2 NRC Offices. NRC reorganized in 1987 to reflect progressively less involvement
with the construction of large, complex nuclear facilities and increased involvement with the
operation and maintenance of these facilities. '

Office of Nuclear Reactor Regulation . The primary responsibilities of this
Office are to conduct the inspection and hcensmg activities associated with operating power
reactors, including contractors and suppliers for such facilities. The Office also is '
responsible for evaluating applications to build and operate new power reactors, for
inspection and licensing activities related to the construction-and operation of fesearch and
test reactors, and for licensing reactor operators. In addition, the Office is responsible for
inspecting NRC-licensed activities under its jurisdiction to ensure that they comply with all
NRC regulations and requirements.

Except for research and test reactors, this Office has no re:sponsibﬂiﬁgs for NRC'—'
licensed facilities other than nuclear power reactors.: | -

Office of Nuclear Material Safety and Safegu_a; s (NMSS). All nbn-reactor NRC -
licenses are regulated by the Office of Nuclear Matenal Safety and Safeguards (NMSS).

NMSS’s responsibilities fall into six prinéipal areas: (1) licensing of nuclear fuel cycle

A-4




facilities, (2) licensing of nuclear materials for uses other than in reactors, (3) regulation of

the transportation of nuclear matena]s @ safeguardmg of nuclear materials from sabotage

and diversion to unauthorized uses (5) regulation of radloactrve waste disposal facilities, and =
- (6) regulation of the decomm1ss10n1ng of previously hcensed nuclear facilities that are no
Ionger in use. Some of these functions are carried out by the five NRC Regional Offices.

v The various processing operations required to produce fuel for nuclear reactors are

~ conducted in NRC-licensed- fuel cycle facilities. Activities at these facilities include: certain
types of uranium mining activities, mﬂ]mg and ,reﬁning uranium ore to produce uranium

' concentrations, production of uramum hexafluoride from uranium concentrates to provide
feed material for isotopic enrichment of U-235 to levels needed for a nuclear. reaction, .

- isotopic enrichment proce‘ssing of uranium hexafluoride to produce fuel with a higher
percentage of U-235 than in natural uranium, fabrication of nuclear reactor fuel and
'reprocessmg spent fuel for recycle ‘

~ Most of the manufacturmg operatlons that make up the nuclear fuel cycle are licensed
by NRC. Excepﬂons are uranium mmmg, uranium milling in Agreement States, and =
enrichment by the U.S. Department of Energy "NMSS reviews operational safety, radiation
protection, and criticality safety programs as part of the hcensmg process for fuel cycle ,
facilities. NMSS also provides policy guidance and technical support to Agreement States on
their licensing and inspection activities and on emergency responses. At present,- NRC fuel
cycle hcenses number about 30. '
NRC regulates appr'oximately 8,200 licenses for the possession and use of radioactive
- materials for purposes other than the generation of electricity or operation of a research
Teactor.  The 28 Agreement States regulate about 15,000 radioactive materials licenses.
These totals include licensees authorized to possess and use radioactive materials only i in the
 form of sealed sources. Most of NRC’s licenses are admxmstered by NRC’s Regional
Offices :

- Office of Nuclear Regl_llatory Research (BE_S) Th1s Ofﬁce has three primary
‘ respons1b1]1t1es (1) to plan, recommend, and implement programs of nuclear regulatory

research, standards development, anti resolution of safety issues of facilities regulated by

! The latter step is not being performed in the United States.
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NRC; (2) to develop and promulgate all techmcal regnléﬁons, and (3) to coordinate research
activities within and outs1de the agency including appointment of staff to committees and ’
conferences. ‘

With respect to air emissions from NRC-licensed facilities other than nuclear poWen |
reactors, this Office is responsible for the promulgation and revision of regulations affecting
emissions, such as 10 CFR Part 20. Addluonally, the Office manages the development of

regulatory guides.

ffice for Analysis and Evaluation of Operational Data (AEOD). - This Office
independently analyzes and evaluates operational safety data associated with NRC-licensed
activities to identify issues that require action by NRC or the industry. Its other
responsibilities include the reactor performance indicators 'p‘rogram and the management and - |
direction of programs for diagnosing evaluations and mvestlgauons of s1gmficant operauonal
events.

With respect to air emissions from NRC—hcensed facilities other than nuclear power
reactors, this Office evaluates semiannual plant airborne emissions data and unusual events
that contribute to airborne emissions.

Office of Enforcement. This Office develops policies and programs for enforcement
of NRC’s requirements. It manages major enforcement actions and assesses the effectiveness
and uniformity of enforcement actions taken by the Regional Offices. Enforcement powers
include notices of violation, fines, and orders for license modiﬁcation,' suspension, or
revocation. ' ' |

Regional Offices. NRC’s five Regional Offices execute the established NRC policies
and assigned programs relating to inspection, enforcement, licensing, State agi'eerhents, State
liaison, and emergency response within each region. Each regional division inspects and
evaluates assigned NRC programs. For Part 70 licensees, NRC’s Resident Inspeetor '
Program is applicable for assigned facilities. The Division of Radiation Safety and
Safeguards performs inspections and evaluations in radlologlcal safety and environmental
monitoring. -




A.1.2.3 State Programs. Prior to enactment of the Atomic Energy Act of 1954, nuclear .
energy activities in the United States were largely conﬁned to the federal government. The
" Act made it possible for private commercial firms to enter the field for the first time:
Because of the hazards associated with nuclear materials‘ Congress determined that these
activities should be regu]ated under a federal hcensmg system to protect the health- and safety
of workers in the nuclear mdustry and the pubhc NRC is the federal agency charged with
ﬂns respons1b1]1ty ‘ :

Although protection of the pubhc health and safety has tradltlonally been a State
respons1b1]1ty, the Atomic Energy Act of 1954 did not specify such a role for the States in
nuclear matters. This policy was changed in 1959 when Congress enacted Section 274 of the
Atomic Energy Act. Section 274 spells out a State role and provided a statutory basis under -
which the federal govemnient'can re]inquish' to the States portions of its regulatory authority.
The 1959 amendment made it possible for the States to license and regulate byproduct
material (radioisotopes), source material (the raw materials of atomic energy), and small
‘quantities of special nuclear materral 2 The Commission is required, however, to retain :
regulatory authority over the regulation of nuclear facilities vital to the national common -
defense and security and certain types of radioactive wastes. The Atomic Energy Act was
amended in 1978 by the passage of the Uranium Mill Tailings Radiation Control' Act
(UMTRCA) -of 1978 which requires NRC Agreement States regulating uranium and thorium
tai]ings or wastes resulting from recovery operations to adopt certain technical and - ‘
procedural requirements. The 1978 amendment also requlres NRC to review penodrca]ly
Agreement State programs for adequacy and compatrblhty .

Secuon 274] of the Atomic Energy Act allows NRC to terminate its agreement with a
State if the Commission finds that such termination is necessary to protect the public health
and safety. In 1980, Section 274j was amended-to authorize the Commission to suspend
' temporarily all or part of an agreement with a State in the case of an emergency situation
where the State failed to take necessary action. Such suspens1ons may remain in effect only .
~ for the duration of the emergency. : '

2 In 1981, the Commission amended its Pohcy Statement, "Criteria for Guidance of States and NRC in
‘Discontinuance of NRC Authority and Assumption Thereof by States Through Agreement"” to allow a State to
seek an'amendment for the regulatron of low-level radioactive waste as a separate category.
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The mechanism for the transfer of NRC authonty to a State to regulate the :
radiological health and safety aspects of nuclear matenals is a formal agreement between the
Governor of the State and the Commission. Criteria for such agreements have been’
published by NRC as a Policy Statement in the Federal Register. Before actually signing the
document, the Commission, by statute, must determine that the State’s radiation control
program is compatible with the Commission’s, meets the app]icahle parts of Section 274, and
is adequate to protect the public health and safety. For its part, the State establishes its
authority to enter such an agreement by passing enabling legislation.

At present, 28 States have entered into such agréements with NRC.? These States
now regulate over 65 percent of the 24,000 licensees for byproduct, source material, and
special nuclear material in the United States. In 1981, the Commission determined that
qualified States may also enter into limited agreements for regulation of low-level waste in
permanent disposal facilities. I

Each agreement provides that the State will use its best efforts to maintain continuing
compatibility with the NRC’s program. NRC maintains a continuing relationship with each
Agreement State to assure continued compatibility -of the State’s regulatory program and .its
adequacy to protect health and safety. This relationship includes: exchange of current
information covering regulations, licensing, inspection and enforcement data; consultation on
special licensing, mspectron enforcement, and other regulatory problems and an annual
meeting of all Agreement States to consider regulatory matters of common mterest Spec1a1
technical assistance is routinely provided to the States upon request. o

As mandated by the Atomic Energy Act, NRC conducts onsite, in-depth program
reviews periodically in each Agreement State. This review covers organizational, ’
administrative, personnel, regulatory, licensing, compliance, and enforcement program areas.
Selected Agreement State licensing and compliance casework is reviewed in detail. State
inspectors are accompanied by NRC staff on selected inspections of State liCensees " A copy
of the guidelines that NRC uses in conducting such reviews have been pubhshed in the
Federal Register as a Commission Policy Statement |

3 Alabama, Arizona, Arkansas, California, Colorado, Florida, Georgia, Illinois, Iowa, Kansas, Kentucky,
Louisiana, Maryland, Mississippi, Nebraska, Nevada, New Hampshire, New Mexico, New York, North
Carolina, North Dakota, Oregon, Rhode Island, South Carolina, Tennessee, Texas, Utah, and Washington.
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~ NRC provrdes trammg for Agreement State personnel. Examples are short-term
courses in health phys1cs radlography radiation safety, nuclear medicine, licensing,
‘ mspectlon procedures, radmlogrcal engineering, well-logging, transportation ‘of nuclear
‘materials, and project management for the hcensmg of low-level waste disposal facilities.
The NRC State Agreements Program is adm1mstered by the Ofﬁce of State Programs.
- NRC Regronal Offices partrcrpate in 1mplementat10n of the State Agreements Program

- As a rule of thumb, one to ‘One—and-.a-half staff—ye'ars per 100 licenses is needed for
effective administration of the program assumed from NRC. This is a general index, ’and‘
~ actual staffing needs will vary according to the particular circumstances in any given State.

, The Agreement State experience since 1962, the year of the first State agreement, has
been that the States generally conduct effective radiation control programs. When NRC'

_ notes. major prog'rainl deficiencies, NRC (with its resources) offers technical advice, ~

assistance, and training. The main area of concern is maintaining adequate staffing levels, a

reflection of State salary structures and fundmg On the other hand, Agreement States

. typrcally excel in havmg highly tramed staff and in conductmg more frequent inspections

than NRC
‘A2 CONTROLS APPLICABLE TO LICENSEES - GENERAL
A.2.1 Establishing Airborne Emission Controls -

V 'I"hi‘s" section describes NRC’s procedures for setting facility controls to protect

: K the health and safety of the public. These controls may take several forms: rules and

regulations; regulatory guides; generic letters, bu]letms and information notices; and NRC
reports. The first two categories of controls for faclhtles are administered by the Office of
Nuclear Regulatory Research (RES), the others are ademstered by the Ofﬁce of Nuclear
Reactor Regulatlon (NRR). ‘

A 2.1.1 Rulemakmg and Regulatory Guides. The-term rulemaking actually covers the
estabhshment of two kinds of regulatory documents - the regulations-of NRC contained in
Title 10 of the Code of Federal Regulanons 10 CFR) and regulatory guides. The dec1s10n
"to move forward with e1ther arule or a regulatory guide is based upon the results of a
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regulatory analys1s (itself based upon a Technical Fmdmgs Document [e.g., NUREG])
Thereafter, both types of documents, rules and guldes, are developed in a process that
provides for internal and external (public) review and comment. The entire process is
repeated again for the final rule or guide, developed in hght of comments received from the
public.

Both types of documents are prepared in a two-step process. In the first step, a draft
is produced for public comment. RES usually develops such drafts in consultation with and
on behalf of NRR, NMSS, or both. The drafts are developed at a technical staff level,
coordinated through parallel management chains of the affected offices, reviewed by the
appropriate advisory committee (usually the ACRS except for waste management matters
which now have their own advisory committee), reviewed by'a senior management review
group called the Committee for the Review of Generic Requiremeénts (CRGR), and then
presented to the appropnate decision maker(s) for action.

‘When the development of a rule or a gurde reaches the pomt where it is presented to
the decision makers, the process diverges. Substantive rules can be issued for public
comment only by a majority vote of the five NRC Commissioners. Therefore, proposed
mlemaicings are recommended for action by RES, with the concurrence of the affected
program office, through the NRC’s Executive Director for Operations, to the Commlssmn
The Commission requests input from the appropnate adwsory comm1ttees and the CRGR to, ,
assist in its decision.

Once the Commission has decided to issue a proposed tule for pubhc comment a
notice of the proposed action is issued in the Federal Regzster the notice also identifies the
. time allowed for comments and may specify particular questions on which the Commission
desires input. These particular questions often involve the matters treated in the regulatory
analysis performed for the proposed rule; e.g., the ant101pated costs and other impacts of |
imposing the new rule.

The RES staff, in consultation with the affected program office, evaluates public
comments received on a proposed rule. The Commission has used both rulemaking hearings,
which are formal adjudicatory proceedings, and public meetings, which are less formal, to
further discussion and obtain additional information concerning a proposed rule. Once the .
additional information has been received and evaluated the staff modifies the rule as
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necessary, repeats the entire review process followed for the proposed rule, and returns the
' rulemaking package to the Commission for final action. When the Commission makes its
final decrsron on the rule, it is issued as "effective” with a notice in the Federal Register.
The rule then becomes a part of Tltle 10 of the Code of Federal Regulatzons

The process followed by the RES in developmg a draft and then a final regulatory
guide is essentially the same as that for a rule, except that the Executive Director for ‘
Operations and the Commission are not mvolved Rather, the Director of the Office of RES
 is the final decision authority for i 1ssu1ng regu]atory guldes either in draft form for public
: comment or in ﬁnal form.

'A.2.1.2 Generic Letters.  Bulletins and InformationnNoﬁces Generic letters, bulletins, and
information notices are written NRC notifications sent to groups of hcensees that 1dent1fy 7
specrfic problems developments or other matters of interest to the licensees. In some cases,
NRC is ca]]mg for or recommendmg that the licensees take specrﬁc steps. '

A.2.1.3 NRC Rgports. NRC reports (usua]ly referred to 'generically as NUREGS) are
prepared by NRC’s staff, contractors, or national laboratories and provide the technical basis
for decision making. Special categories of such reports include Safety Evaluation Reports
(SERs), Environmental Impact Statements (EISs), and Standard Review Plans (SRPs). NRC
issues the first two categories of reports to establish the conditions under which the license to
EOnstr'uct or operate will be issued. The SRPs are issued to disseminate information about
the regulatory hcensmg process and to nnprove the general pubhc s and the nuclear

- industry’s understandmg of the staff’s Teview process. '

Standard Revrew Plans address the responsrblhtles of the persons performmg the
review, the matters that are reviewed, the Commission’s regulations and acceptance criteria
necessary for the review, how the revrew is accompllshed the appropriate conclusions, and
the implementation requlrements

A22 ALicensing_Progra;m_;} ]
Licensing programs utilize a system of controls, compliance guidance, and

| independent review to establish (with reasonable assurance) the ability of a facility to meet
performance requirements. Of particular relevance is NRC’s ability to establish and maintain
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an acceptable level of performance through (1) independent review to verify that regulatory
criteria were correctly translated into des1gn, construction, and operations documents and (2)
monitoring of operating data. -

NRC has delegated to the five Reg10na1 Admmlstrators licensing authonty for selected
parts of its decentralized licensing program for nuclear materials. The delegated hcensmg
program includes authority to issue, renew, amend, cancel, modify, suspend, or xevoke
licenses for nuclear materials issued pursuant to 10 CFR Parts 30 through 35, 39, 40, and 70
to all persons for academic, medical, and industrial uses, with the exceptions of activities in
the fuel cycle and special nuclear material, sealed sources and devices design review, and
processing of source material for extracting of me’gfll];c compounds.

A.2.2.1. Part 30 Licenses. The regﬁlations in 10 CFR Parts 30, 32, 33, 35, and 39 provide. -

for licensing facility categories listed in Table D-1. A license app]icanf is required to file an ' '

application in duplicate on NRC Form 313, "Application for Material License," in
accordance with the instructions in 10 CFR 30.6 and 30.32. Form 313 asks a wide range of
information including: the name and mailing address of the app]icant; :'t‘h‘e, Jocation of use; a
person who can be contacted about the appiication; the materials requested; the purpose of
use; the training and experience of the authorized users and Radiation Safety Officer; the .
worker radiation safety training program; facilities and equipment; the radiation safety '
program; and waste management program. The information will be transformed into license
conditions upon approval. The applicant mails the license application, with application fee,
to the NRC office identified on the form. o o

Because of the potential radiation hazard to workers and the public, NRC’s specific
license program for regulating byproduct material use incorporates three regulatory features:
case-by-case review of applications, onsite inspections, and periodic license renewals. NRC
staff will review the application to determine whether the applicant’s radiation safety program
complies with the regulations. After completing the review, if the applicant’s program
appears incomplete or inadequate, NRC will issue a deficiency letter that describes the
apparent shortcomings in the applicant’s progmm and requests clarification or correction. If
the applicant’s response to the deficiency letter is satisfactory, or if no deficiency letter was
needed, NRC will issue a specific license authorizing the possess1on and use of byproduct
material on NRC Form 374, "Byproduct Material Llcense "
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To help license apphcants prepare the apphcat:lon and design their radiation safety
programs, NRC has pubhshed the fo]lowmg guldance documents

o 'Regulatory Guide 8.18 ‘Information Relevant to Ensurmg That Occupat10na1
: o Radiation Exposures at-Medical Institutions Will Be As
Low As Reasonably Ach1evab1e

e Regulatory Guide 8.21 | Health Physics Surveys for Byproduct Material at NRC- 1
' Licensed Processing and Manufacmnng Plants

®  Regulatory Guide"8.23 Radxatmn Safety Surveys at Medlcal Instltuuons

' o .~ Regulatory Guide 10.2 Guldance to Academic Institutions Applying for Specific
: o ' Byproduct Material Llcenses of Limited Scope

® ' Regulatory Guide 10.5 | Applications for Type A Licenses of Broad Scope

. 'Regulatofy Guide 10.7 Guide for the Preparation of Applications for Licenses \
o S _for Laboratory and Industrial Use of Small Quantities of
Byproduct Matel:ial '

o Regulatory Guide 10.8 " Guide for the Preparatlon of Apphcatlons for Medical -
' o ' . " Programs :

®  Draft Guide DG-8001 Basic Quality Assurance Program for Medical Use

® . Draft Guide OP 212-4 Radiation Protection Tra.mmg for Personnel Employed in
: Y - Medical Facﬂmes

e  NUREG-0267 - Principles and Practices for Keeping Occupational
' ~ Radiation Exposure at Medical Institutions As Low As
Rea‘sonably Achievable

'A.2.2.2. Part 40 Licenses. The regulatlons in 10 CFR Part 40 "Domestlc Licensing of
Source Matenal " prov1de for licensing facility categones listed i m Table D-1. Alicense

‘ apphcant is required to provide detailed information on the facilities, equlpment and :

' procedures to be used and an environmental report d1scussmg the operation’s 1mpact on the
‘health and safety of the pubhc and on the environment. The Commission uses this
informaiiqn to determine whether the applicant’s proposed activities will, among other things,
result in undue risk to the health and safety of the public or adversely affect the environment.
General guidance for filing an application and an envi:oninental report is provided in Section
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40.31, "Application for Specific Licenses," of 10 CFR Pa:rt 40 and in 10 CFR Part 5 1
. "Licensing and Regulatory Policy and Procedures for Envn'onmental Protection, "

respectively.

The application must contain information specified in NRC Form 313, “Application:
for Material License," which primarily addresses processing, in4p1ant'radiation safety, and
environmental considerations. In essence, the applicant is required to submit, as part of the
license application, a Safety Analysis Report (SAR) pursuant to 40 CFR Part 190 and an
Environmental Report (ER) pursuant to 10 CFR Part 51. Based on the information provided
in these reports, NRC will in turn develop a Safety Evaluation Report (SER) and an
Environmental Impact Statement (EIS). Under 10 CFR 51.22, "Criterion for Categorical
Exclusion; Identification of Licensing and Regulatory Actions Eligible for Categorical
Exclusion or Otherwise Not Requiring Environmental Review," some licensees are not
required to prepare an Environmental Report if NRC’s first finding is that the applicant’s
proposed actions do not individually or cumulatlvely have a s1gmﬁcant effect on the human
environment.

These licenses are generally issued for 10-year periods and are renewable over the life
of the project. License renewal applications are processed in a manner similar to that used
for new applications. Operational experience, site-specific data, and proposed continuing
activities are the primary factors considered by the NRC staff in processmg renewal .
applications. :

To help licensees cie_velop the application, NRC has published the following guidance
documents (a comprehensive list is provided in Appendix B):

] Regulatory Guide 3.5 Standard Format and Content of License Apphcatlons for
" Uranium Mills

Regulatory Guide 3.8 Preparation of Environmental Reports for Uranium Mills

Regulatory Guide 3.46 ~ Standard Format and Content of License Applications,
- Including Environmental Reports, for In Situ Uramum
Solution Mining

Regulatory Guide 3.51 - Calculational Models fof Estimating Radiation Doses to
Man from Airborne Radioactive Materials Resulting from
Uranium Miiling Operations *
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o Regulatory Guide 3.55 Standard Format and Content for the Health and Safety
' o Sections of License Renewal Apphcatlons for Uranium
Hexafluoride Production

e ) :Regulato'ry Guide 3.56 1 General Guidance‘ for DeSigrling*, Testing, Operating, and
. g . Maintaining Emission Control Devices at Uranium Mills

- ®  Regulatory Guide 3.59 Methods for Estimating Radioactive and Toxic Airborne
‘ : " Source Terms for Uranium Milling Operations

®  Regulatory Gaide 4.4. Radiological Effluent and Environmental Momtormg at
- . ' ’ Uramum Mills :
o . Regulatory Guide 4.15 Quahty Assurance for Radiological Monitoring Programs
‘ v s (Normal Operatlons) Effluent Streams and the
' ‘Envn‘onment

. Regulatory Guide 8.30 Health Physics Surveys in Uranium Mills
® . Regulatory Guide 8.31 ) Informatlon Relevant to Ensuring: that 0ccupauonal

Radiation Exposures at Uranium Mills Will Be As Low
_ As Is Reasonably Ach1evable

o NUREG/CR—ZOll , o MILDOS A Computer Program for Calculatmg
: Environmental Radiation Doses from Uramum ‘Recovery
Operatlons :
'A.2.2.3. Part 50 (Type '104) Licenses. The hcensmg process begms with the filing of a

~ license apphcatlon consisting of general information, an Environmental Report, and a Safety
Analys1s Report (SAR). The general content requn:ements of the SAR for a reactor are

- contamed in 10 CFR 50.34.

v NRC initiates a comprehenswe technical review .of the license application and any
. supportmg documents after initial acceptance review and docketing. Durmg this period, .
NRC’s staff and the Adv1sory Comm1ttee on Reactor Safeguards (ACRS) conduct
. mdependent technical reviews of the license apphcatron resulting in the issuance ofa
Safety Evaluation Report (SER) by NRC’s staff and a formal letter of recommendatlon from ,
the ACRS to the Chairman of NRC o ' - :
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In determining whether to grant a construction permit, NRC holds an adjudicatoi'y
public proceeding conducted by the Atomic Safety and Licensing Board (ASLB). At the end - -
of the adjudicatory proceeding, the ASLB renders a decision supported by a written opinion. . -
A decision of the ASLB could be appealed to an Atomic Safety and Licensing Appeal Board
(ASLAB). The Commissioners may also consider the matter upon a petition requesting such
review. After all avenues of administrative appeal have been exhausted and if the ASLB’s
initial decision prevails, the Dlrector of Nuclear Reactor Regulation issues a letter authonz—
ing construction to begin.

Prior to anticipated completlon of constructlon the applicant subm1ts an updated v
license application to NRC in support of obtaining a license to operate.  NRC’s staff and the
ACRS again conduct technical reviews which, if favorable, result in the i issuance of a Safety
Evaluation Report by NRC’s staff and a formal letter of recommendation from the ACRS to
the Chairman of NRC.

v

A.2.2.4. Part 70 Licenses. The regulations in 10 CFR Part 70, "Domestic Licensing of
Source Material," provide for licensing facility categories listed in Table D-1. A license

" applicant is required to provide detailed infofmation on the facilities, equipment, and
procedures to be used and an environmental report that discusses the operation’s impact on

the health and safety of the public and on the environment. The Commiss_ion uses this -
information to determine whether the applicant’s proposed activities will, among other fhings, N
result in undue risk to the health and safety of the public or adversely affect the environment.
The license application can be filed in letter form and prov1des the mformatlon specified in
section 70.22, "Contents of Applications." :

General gmdance for filing an applicatibn and an environmental report is provided in
Section 70.21, "Filing," of 10 CFR Part 70 and in 10 CFR Part 51, "Licensing and
Regulatory Policy and Procedures for Environmental Protection,” respectively. Bas1ca]ly,
the applicant is required to submit, as part of the license apphcatlon a Safety Analys1s
Report (SAR) pursuant to 40 CFR Part 190 and an Environmental Report (ER) pursuant to
10 CER Part 51. Based on the information provided in these reports, NRC will i in turn
develop a Safety Evaluation Report (SER) and an Environmental Impact Statement (EIS).
Under 10 CFR 51.22, "Criterion for Categorical Exclusion; Identification of Llcensmg and
Regulatory Actions Eligible for Categorical Exclusion or Otherwise Not Requiring '
Environmental Review," some licensees are not requlred to prepare an Environmental Report
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1f NRC first fmds that the applicant’s proposed act10ns do not mdrvrdua]ly or cumulatlvely
' have a s1gmﬁcant effect on the human envrronment

_ These lieenses are generally issued for -10-year periods and are,reneWable over the life

of the project. License renewal applications are pro'cessed in a manner similar to that used

for new applications. Operational experience, site-specific data, and proposed continuing

activities are the primary factors considered by the NRC staff in processmg renewal
,apphcatrons

To help hcensees prepare the appllcatlon NRC has pubhshed the fo]lowmg guldance :
documents ! comprehens1ve hst is provided in Appendlx B):

° Regulatory Guide 3.6 " Content of Technical Specrﬁcatrons for Fuel ,'
R : Reprocessmg Plants

® Regulatory Guide 3.12 - General Design Guide for Ventilation Systems of -.
: . S Plutonium Processing and Fuel Fabrication Plants

o Regulatory Guide 3.251 Standard Format and Content of Safety Analys1s Reports
B : . - for Uramum Enrichment Facilities

o Regulatory Guide 4.9 Preparatlon of Environmental Reports for Commerc1al
I : : Uramum Ennchment Facﬂmes

° Regulatory Guide 8.10 Operatmg Philosophy for Mamtammg Occupational
- ‘ S Radiation Exposures As Low AsIs Reasonably
Achievable s :

e Regulatory Guide 10.3 Guide for the Preparation of Applications for Special -
) Nuclear Material L1censes of Less Than Critical Mass
. Quantities

A.2.3 Airborne Emissions Monitoring
" During the period of operation the licensee is subject to various terms and conditions
_to ensure that activities are conducted in accordance with the design’ bases and performance
objectives agreed to in the license. Airborne effluent monitoring programs and inspections -
..are means by which NRC momtors facrhty operations. ‘
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NRC regulations limiting routine radionuclide airborne emissions are contained in
10 CFR Part 20, Standards for Protection Against Radiation, which applies to all licensees.
In addition, the recent amendments to Part 20 requirelicensees by January 1994 to keep
exposures as low as is reasonably achievable (ALARA). ALARA means making every |
reasonable effort to maintain exposures to radiation as far below the dose limits in
10 CFER Part 20 as is practical, consistent with the purpose for which the licensed activity is
undertaken. The requlrement takes into account the state of technology, the economics of
improvements in relation to the state of technology, the economics of 1mprovements in
relation to benefits to the public health and safety, and other societal and socioeconomic
considerations, and the value of utilizing nuclear energy and licensed materials in the public
interest.

A.2.3.1 Part 30 Licenses. The possible airborne radionuclide emissions are from unsealed
byproduct material on foils or plated sources or radioactive aerosols or gases in a o
manufacturing facility, laboratory, or radiopharmaceutical. In general facility design or
engineered safety features in the facility and operating restrictions or procedures would -
reduce airborne radionuclide release. Use of charcoal traps or fume hoods with charcoal |
filtration system or HEPA filter can s1gmﬁcant1y reduce air contammatlon dunng operatlons

Incineration operations (e.g., at hospitals) must be conducted in a way that all
airborne effluent releases are reduced to levels as ‘low as reasonably achievable (ALARA).-
.The primary means of accomplishing this objective is emission controls including filtration,
scrubbing, and air dilution. Discharge stacks, types and estimated composition and flow
rates of atmospheric effluents, and emissions control methods must be designed and analyzed
to limit potential releases to ALARA levels.

For medical use of byproduct materials, according to 10 CFR 35.205:

@ A licensee that administers radioactive aerosols or gases is required to do soina -
room with a system that will keep airborne concentrations within the limits prescribed
by 10 CFR 20.106. The system must either be directly vented to the atmosphere
through an air exhaust or provide for collection and decay or disposal of the aerosol
or gas in a shielded container.

()  Alicenseeis requlred to administer radioactive gases only in rooms that are at
negative pressure compared to surrounding rooms.
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(c) Before receiving, using, or storing a radioactive gas, the licensee is required to
Y - calculate the amount of time needed after a spill to reduce the concentration in the
~ room to the occupational limits listed in Appendix B to 10 CFR Part 20. The
calculation must be based on the highest activity of a gas handled in a single
container, the air volume of the room, and the measured available air exhaust rate.

(d) A Iicensee is required to make a record of the calculations required in (c) that

' includes the assumptions, measurements, and calculations made and shall retain the
record for the duration of use of the area.- A licensee is also required to post the
calculated time and safety measures to be mstltuted in case-of a spill at the areas of
use.

(6) A Iicensee is required to check the operation of reusable collection systems each -
month and measure the ventilation rate available in areas of radioactive gas use each
-6 months. In addition, according to 10 CFR 35.90, a licensee is required to store o
volatile radiopharmaceuticals and radioactive gases in the shipper’s radiation shield
and container. A licensee is also required to store a mulu-dose container in a fume
hood after drawmg the first dosage from it.

Airborne effluent concentration‘ at the release point must be calculated and compared

" to the appropriate value of Table IT of Appendix B to 10 CFR Part 20. NRC or the
Agreement State often recommends that the license apphcant use a "10 percent at the stack”
rule for the calculation, Except for medical institutions, this calculation is requlred to be
submitted as part of the license applicat_ion under Item 10.13.3 of Form NRC-313. Medical
license applicants do not have to submit the calculations with the application, but they are
requn‘ed to keep them on record for NRC (or Agreement State) review dunng onsite

' mspectmns

If aerosols and gases are not direcﬂy vented to the atmosphere, the license applicant
may respond with a statement that it will not dlrectly vent spent aerosols and gases to the
atmosphere and therefore no efﬂuent estimation is necessary. If aerosols or gases are '

-~ directly vented to the atmosphere, airborne effluent concentrations must be calculated. For
medical institutions, NRC recommends the following estlmauon procedure described in-
Regulatory Gulde 10.8, for use in the license apphcatmn

(@ . Divide the total activity released to an unrestricted area‘(activ_ity used each week that.
is released in an exhaust system) by the total volume of air exhausted over the week
‘(“on time" multiplied by measured airflow rate). The quotient must be less than the
‘applicable maxunum permissible value for an unrestncted area. :
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(b)  If this is not the case, plan for fewer studies and do the calculation again. .
Alternatively, consider collection and decay-in-storage for waste, or restriction of
access to the release point and calculation of concentration at the boundary of the
restricted area.

A.2.3.2 Part 40 Licenses. To achieve airborne emission control, facility operations must be .
conducted in a way that reduces all airborne effluent releases to levels that are ALARA. The
primary means of accomplishing this objective is by means of emission controls including |
ventilation, filtration, and confinement systems. Discharge stacks, types and estimated
composition and flow rates of afmospheric effluents, and emission control methods are
required to be designed and analyzed to limit potential releases to ALARA levels.

Calculations must be supplemented by stack monitoring appropriate for the planned and
potential releases. Minimum performance specifications, such as filtration or scrubber
efficiency and airflow for operating the ventilation, filtmtlon, and confinement systems
throughout the facility, are normally determined.

Institutional controls, such as extending i:he site boundary and exclusion area, are also
employed to ensure that offsite éxposure limits are met, but only after all practical measures
have been taken to control emissions at the source. Notwithstanding the existence of
individual dose standards, strict control of emissions is necessary to assure that popu]atlon
exposures are reduced to the maximum extent reasonably achievable and to avoid site
contamination. ‘ ' '

Effluent and énvlrpnmental ‘monitoring progljarns, including methods and procedures
for measuring concentrations and quantities of both radioactive and nonradioactive materials '
released to and in the environs, must comply with the technical basis specified in Sections
20.1301 and 20.1302 of 10 CFR Part 20. For both effluent and environmental monitoring,
the frequency of sampling and analysis, the types and sensitivity of analysis, action levels
and corrective action requirements, and the minimum number and criteria for locating
effluent and environmental monitoring stations also must be determined. A survey program
is essential to monitor the adequacy' of containment and effluent control.

From release rates of airborne rad10act1v1ty, meteorological data, and locauons of
release points (e.g. stack, roof vent), total annual body and s1gn1ﬁcant organ doses can be
estimated for (1) individuals exposed at the point of ma:nmum ground—level concentrations
off site, (2) individuals exposed at the site boundary in the direction of the prevailing wind,
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-(3) individﬁals exposed at the site boundairy nearest to the sources of emission, and-
(4) individuals exposed at the nearest residence in the direction of the prevailing wind. The'
hcense apphcant must also estimate deposmon of radioactive materials on food crops and
pasture grass, and total annual body doses and s1gmﬁcant annual doses received by other
“organs via such. potent1a1 pathways to the public. The licensee is required to demonstrate
comphance with the exposure limits specified in 10 CFR Part 20 and 40 CFR Part 190 and
also effluent concentratlons set forth in Table 2 of Appendlx B of 10 CFR Part 20

Each hcensee is required to submrt a sem1annua1 effluent momtormg Teport to the

‘ approprrate NRC Regional Office, specxfymg the quantity of each of the principal
radionuclides released to unrestricted areas in gaseous (and in liquid) effluents during the
previous 6. months of operations The licensee must also submit such other information that

*NRC may require to estimate max1mum potential annual radiation doses to the pubhc
resulting from effluent releases. If quantmes of radloactrve materials released durmg the
reporting period are significantly above the licensee’ s design objectives previously reviewed

~.as pa.rt of the hcensmg actron, the report shall cover th1s spec1fically '

" A2.3.3 Part 50 (Type 104) Licenses: Changes, Tests, and Ex_penments (10 CFR 50.59).

. Once a license to operate has been issued, NRC allows changes in facility design, operational

“procedures, and activities unless the proposed change involves a modification to the technical
specifications or an unreviewed safety question. ‘The licensce is required to maintain records
and to report all changes in \faci]ity descﬁptions or procedures ‘contained in the FSAR

Records and Reports (10 CFR 50.7 1) Each hcensee and each holder ofa
construction permit is required to maintain records and make reports in accordance with the .
condlt:lons established in the hcense or permlt or: by the rules, regulatlons, and orders of the
Commission.

Backﬁttmg (10 CFR 50. 109) The Comm1ss1on may requlre backﬁttmg ofa facrhty if
it finds that such action is necessary to protect pubhc health and safety or that it will provide
substantral additional protectlon ata _]ustrfiable cost.

' A234 Part 70 Licenses. The requ1rements for airborne emissions -monitoring are
-essentially the same as for Part 40 licensees. ‘
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A.2.4 Inspection Programs

The fuel cycle facility inspection program is described in Chapter 2600 (NRCQOa)
The materials licenses mspecnon program is descnbed in detall in NRC Manual Chapter
2800 (NRCO0D).

Initial inspections of licensees are generally conducted within 6 months to 1 year after
material is received and operations under the license have begun.

In conjunction with the licensee’s requued sem1annua1 effluent monitoring reports to
NRC, the inspections determine the degree to which each plant is complymg with its license
and technical specifications. If problems are identified, follow-up inspections are scheduled
in order to ensure that deficiencies are corrected. If a facility has pers1stent problems in
particular areas, inspections are performed more frequently.

A.2.4.1 Part 30 Licenses. The inspection frequency for the various procedures at these
facilities is:

L Medical Instltuuon Broad & Medical Instltutlon Other -various, every 1 to
5 years, average 18 months :

L Medical Private Practice - various, 1 to 5 years

L Well-Logging - every 3 years.

L Manufacturing and Distribution Licenses - various, every 1 to 5 ‘years

® Incineration Licenses - yearly

A.2.4.2 Part 40 Licenses. Initial inspection of licenses are generally v'c'onducted‘ within
. 6 months to 1 year after material is received and operations under the license have begun.
The frequency of subsequent inspections is shown below: -

/4

Mills - at least once every year ;

Military Munitions Testing - every 3 years

Uranium Hexafluoride Production - at least once every year
Rare Earth Extraction and Processmg every 3 yeats

A.2.4.3 Part 50 (Type 104) Licenses. Inspections (10 CFR 50.70). Each licensee (and
holder of a construction permit) must permit NRC to inspect its records, premises, and )
aclivities. The licensee is required to i)rovide office space onsite for a full-time NRC
resident inspector. |
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A244 ‘Part 70 Licenses - The mspectron program descnbed in Section A 2 4 2 for Part
40 licenses apphes, except for the followmg frequenc:les

e  Uranium Fuel Fabncatron at least once every year
° Intenm Spent Fuel Storage at least once every year

A.2.5 Enforcement Programs

The objective of the NRC’s enforcement programs is to protect the public health and

. safety by ensuring that licensees comply with regulatory requirements. The NRC’s
enforcement policy, contained in 10 CFR Part 2, Appendix C, calls for strong enforcement -
measures to ensure full compliance and is designed to prohibit operat10ns by any | licensees-
who fail to achieve adequate levels of protectlon :

“NRC’s enforcement aetien has several levels of severity. The level of severity used
in a given situation varies with the seriousness of the matter and the licensee’s previous
comphance record The levels include:

e Wntten Nouces of Violation -- used in a]l instances of noncomphance with
- "NRC’s requlrements

- @ Civil penalties -- cons1dered for Ticensees who evidence significant or
repetitive instances of noncomphance, especially if a previous Notice of
Violation has not been effective in achieving the expected corrective action.

- Civil penalties may also be 1mposed in the case of a partlcularly significant
first-of—a—lcmd violation.

L Orders to "cease and desist” operations, or for modification, suspension, or
revocation of licenses -- used in situations where licensees have not responded.
to civil penalties or where violations pose a significant threat to public health

_and safety or the common defense and secunty

"A.3  CONTROLS APPI..ICABLE TO A[RBORNE EMISSIONS

| Chrrent regulations limiting routine radionuclide airborne emissions from NRC-
lcensed facilities are forth in 10 CFR 20 and 40 CER 190. Part 20 establishes "Standards
. for Protectlon Agamst Radiation." The recent revisions to Part 20 establish a new limit of

100 mrem/yr for members of the pubhc The 100 mrem/yr limit covers doses from both
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gaseous and liquid effluents and considers exposures from all sources. Part 20 also imposes
the requirement that exposures be as low as reasonably achievable (ALARA). Licensees may
demonstrate compliance with this limit using the effluent concentrauons set forth in Table 2
of Appendix B of 10 CFR Part 20. The values in Table 2 for a1r are based on 50 mrem/yr

EPA’s environmental radiation standards for fuel cycle faci]ities are set forth in 40
CFR Part 190. 40 CFR 190 requires, in part, that the radiation doses to real individuals
from all uranium fuel cycle sources, including all gaseous and liquid effluent pathways and
direct radiation, should not exceed 25 mrem/yr to the whole body or any organ, except the
thyroid. The dose limit to the thyr01d is established at 75 mrem/yr

A.4 REFERENCES

NRC90 U.S. Nuclear Regulatory Commission, "U.S. Nuclear Regulatory Commission.
Functional Organizational Charts " NUREG-0325, Revision 14, August 1990.

NRCO90a - TU.S. Nuclear Regulatory Comm_tssmn ""NRC Inspection Manual, Chapter
2600, Fuel Cycle Fac1]1ty 0pera110na1 Safety Inspection Program, " March .
1990. _

NRCO0b U.S. Nuclear Regulatory Commission, "NRC Inspection Manual, Chapter
2800, Materials Inspection Program,” April 1990.
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APPENDIX B

SELECTED NRC REGULATORY GUIDES

This appendix provides a partial list of the regulatory guides published by
NRC that are relevant to airborne effluents from nonreactor NRC-licensed
facilities. ‘ | | ' |




REV.

' DATE

3.56

Mills

NO. TITLE
DIVISION 2 - RESEARCH AND TEST REACTORS
22 Development of Technical Specifications for Experiments in Research Reactors - 11/73
DIVISION 3 - FUELS AND MATERIALS FACILITIES
32 Efficiency Testing of Axr-Cleamng Systems Containing Devices for Removal of Particles } - 01/73
33 Quality Assurance Program Requirements for Fuel Reprocessing Plants and for Plutonium Processing - 01/73
and Fuel Fabrication Plants 1 03/74
35 Standard Format and Content of License Applications for Uranium Mills ’ - 02/73
: 1 11/77
3.6 Content of Technical Specifications for Fuel Reprocessing Plants - 04/73
3.7 Monitoring of Combustible Gases and Vapors in Plutonium Processing and Fuel Fabrication Plants - 03/73
3.8 Preparation of Environmental Reports for Uranium Mills - 04/73
1 09/78 -
2 10/82
3.12 General Design Guide for Ventilation Systems of Plutonium Processing and Fuel Fabrication Plants - 08/73
| 325 Standard Format and Content of Safety Analysis Reports for Uranium Enrichment Plants - 12/74
| 3.26 Standard Format and Content of Safety Analysis Reports for Fuel Reprocessing Plants ' - 02/75
| 332 | General Design Guide for Ventilation Systems for Fuel Reprocessing Plants - | oarr7
3.33 Assumptions Used for Evaluating the Potential Radiological Consequences of Accidental Nuclear - 09/75
Criticality in a Fuel Reprocessing Plants
3.34 Assumptions Used for Evalusating the Potential Radiological Consequences of Accidental Nuclear- - 04/77
Criticality in a Uranium Fuel Fabrication Plant ) 1 07/79
335 Assumptions Used for Evaluating the Potential Radiological Consequences of Accidental Nuclenr - 05/77
Criticality in a Plutonium Processing and Fuel Fabrication Plants 1 07/79
339 Standard Format and Content of Llcense Applications for Plutomum Processmg and Fuel Fabrication - - 01/76
Plants
| 3.42 Esmergency Planning for Fuel Cycle Facilities and Plants Licensed Under 10 CFR Parts 50 and 70 - 08/77
‘ 1 09/79
3.44 Standard Formnt and Content for the Safety Analysis Report for an Independent Spent Fuel Storage - 12/78
Installation (Water-Basin Type) ‘ 1 11/80
2 | 01/89
3.46 Standard Format and Content of License Apphcatlons, Including Environmental Reports, for In Situ - 06/82
Uranium Solution Mining i
3.48 Smndard Format and Content for the Safety Analysis Report for an Independent Spent Fuel Storage 1 08/8'9
Installation or Monitored Retrievable Storage Installation (Dry Storage) - ;
3.49 Design of an Independent Spent Fuel Storage Installations (Water-Basin Type) - 12/81
3.51 Calculational Models for Estimating Radiation Doses to Man from Airborne Radioactive Materials - | o3/82
Resulting from Uranium Milling Operations ‘
3.52 Standard Format and Content for the Health and Safety Sections of License Renewal Applications for - 07/82
‘Uranium Processing and Fuel Fabrication 1 11/86
3.55 Standard Format and Content for the Health and Safety Sections of License Renewal Applications for - 04/85
Uranium Hexaflouride Production ’ '
General Guidance for Desxgmng, Testing, and Maintaining Emission Control Devices at Uranium - 05/86
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Special Nuclear Material License Application (Including That for a Uranium Errichment Facility)

3.59 Methods for Estxmatmg Radioactive and Toxic- An-borne Source Terms for Uranium M.tlhng 03/87
Operatxons : . -
3.60 Desxgn of an Independent Spent Fuel Storage Installat:on ®ry Storage) 03/87
3.61 Standard Format and Content for a Topical Safety Analysis Report for a Spent Fuel Dry Storage Cask 02/89
3.62 Standard Format and Content for the Safety Analysis Report for Onsite Storage of Spenf Fuel Storage - 02/89
Casks
3.63 Onsite Meteotologlcal Measurement Progtam for Uranium Recovery Facilities - Data Acquisition and "03/88
Reporting
3.64 . Calculation of Radon Flux Attenuation by Earthen Uramum Mill Tailings Covers 06/89
3.65 . | Standard Format and Content of Decommxssxomng Plans for Licenses Under 10 CFR Parts 30 40, and 08/89,
: 70
. . DIVISION 4 - ENVIRONMENTAL AND SITING
4.1 Programs for Monitoring Radioactivity in the Environs of Nuclear PoWer Plants 01/73
' ) s 04/75
4.5 Measurements of Radionuclides in the Environment - Sampling and Analysis of Plutonium in Soil 05/74
4.6 Measurements of Radionuclides in the Environment - Strontium-89 and Strontium-90 Analyses 05/74
4.9 Preparation of Environmental Reports for Commercial Uranium Enrichment Facilities 12/74
’ : 10/75
4.13 Performance, Testmg, and Procedural Specxﬁcauons for Thermolunnnescence Dos1metty 11/76
} Environmental Apphcatlons : . 07117
4.14 Radiological Effluent and Monitoring at Uraniuxn:Mﬂls 06/77
. . . 04/30
4.15 -Quality Assurance for Radiological Moniioring Programs (Normal Operations) - Effluent Streams and 12177
‘ the Environment 02/79
4.16- | Monitoring and Reporting Radioactivity in Releases of Radioactive Materials in Liquid and Gaseous 03/78
: ‘ Effluents from Nuclear Fuel Reprocessmg and Fabncatxon Plants and Uranium Hexaflouride 12/85
Production Plants .
4.17 Standard Format and Content Guide of Site Charactenzauon Plans for H_lgh -Level- Waste Geologlc i 07/82
Repositories 03/87 -
-4.18 Standard Format-and Content of Environmental Reports for Near-Surface Disposal of Radioactive 06/83
) Waste - - : . .
DIVISION 5 - MATERIALS AND PLANT PROTECTION
54 Standard Analytical Methods for the Measurement of Uranium Tetraflouride (UF‘) and Uranium 02773
Hexaﬂounde (UEy)
55 Standard Methods for Chemxcal Mass Specttomemc, and Spectrochemxca.l Analysis of Nuclear-Grade 02/73
' Uranium Dioxide Powders and Pellets .
5.13 Conduct of Nuclear Material Physical Inventories 11/73
5.18 Limit of Error Concepis and Principles of Calculation in Nuclear Materials Control ‘ 01/74
7 5.24 Analysxs and Use of Process Data for the Protection of Specml Nuclear Material . 06/74
533 | Statistical Evaluation of Material Unaccounted For 06/74
5.42 Design Considerations for Mxmm:zmg Residual Holdup of Special Nuclear Material in Equipment for 01/75
Dry Process Operations
545 Standard Format and Content for the Special Nuciear Material Con]xol and Accounting Section of a 12/74
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Containing Byproduct Material

5.51 Management Review of Nuclear Material Control and Accounting Systems - 06/75
5.58 Considerations for Establishing Traceability of Special Nuclear Material Aocdunting Measurements - 11778
. . 1 02/80
5.62 Reporting of Safeguards Events - 02781
1 11/87
DIVISION 8 - OCCUPATIONAL HEALTH

8.2 Guide for Administrative Practices in Radiation Monitoring - 02/73 .
8.10 Operatmg Philosophy for Maintaining Occupanonal Radiation Exposures As Low AsIs Reasonably : - 04/74
Achievable 1 09/75
1-R | 05/77
8.18 Information Relevant to Ensuring that Occupational Radxauon ‘Exposures at Medlcal Instltutxons will - 12/77
Be As Low As Reasonably Achievable i ] 1 10/82
8.21 Health Physics Surveys for Byproduct Material at NRC—Licensed Processing and Manufacturing Plants - 05/78
1 .| 10/79
823 Rediation Safety Surveys at Médica] Institutions - 02/79

. 1 01/81
8.24 Health Physics Surveys During Enriched Uranium-235 Processing and Fuel Fabrication - 11/78
- ’ 1 10/79
| 825 Calibration and Error Limits of Air Sampling Instruments for Total Volume of Air Sampléd . - - 08/80
8.30 Health Physics Surveys in Uranium Mills _ - 06/83
831 Information Relevant to Ensuring that O‘ccupat'iona'l Radiation Exposures at Uranium Mills Will Be As* - 05/83

Low As Reasonably Achievable ‘ .
DIVISION 10 - GENERAL

10.1 Compilation of Reporting Requirements for Persons Subject to NRC Regulations - 01/75
; : 1 Q7175
2 08/75
3 05/77
. 4 10/81
10.2 Guidance to Académic Institutions Applying for Special Nuclear Material Licenses of Limited Scope - 03/76
. 1 12/76
103 Guide for the Preparation of Applications for Special Nuclear Material Licenses of Less Than Critical - 07/76
Mass Quantities 1 04/77
10.4 Guide for the Preparation of Applications for Licensees to Process Source Material - 07/76
1 03/77
2 12/87
10.5 Applications for Type A Licenses of Broad Scope - 09/76
o 1 12/80
10.7 Guide for the Preparation of Applications for Licenses for Laboratory and Industrial Use of Small - 02/77
Quantities of Byproduct Material 1 08/79
10.8 Guide for the Preparation of Applications for Medical Use Programs - - 01/79
1 10/80
B 2 | 08/87
10.10 | Guide for the Preparation of Applications for Radiation Safety Evaluations and Registration of Devices - 03/87
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APPENDD( o

' DESCRIPTION OF NRC AND AGREEMENT STATE
LICENSED ACTIVITIES

This appendlx describes the act1v1t1es for wmch an NRC or Agreement State

o hcense is required (NRC91).
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'APPENDIX C

- DESCRIPTION OF NRC AND AGREEMENT STATE
LICENSED ACTIVITIES

C1 = GENERAL

NRC assigns a five-digit program code number to each license to designate the major 7
_act1v1ty or pnnc1pa1 use provided for in the license.! The regulations applicable to the |
various activities and uses of byproduct, source, and spec1a1 nuclear materials are contained -
in Parts 30, 40 and 70, respectively, ‘of Title 10 of the Code of Federal Regulazzons (CFR)
A basic understandmg of these regulations is a necessary prerequisite to the proper
assignment of a program code to a partlcular act1v1ty or use. - NRC uses about 100 program
~ codes to class1fy the approximately 8,200 active licenses under its direct control. Some of
~ these program codes narrowly define an act1v1ty, such as radiography, while other program-
codes have a wider scope. More than one code may apply to a given license. However the
. primary code indicates the licensee’s prmmpal use of material. A secondary code may be

used to indicate other significant uses.. : '

o "Broad" hcenses are issued to large facilities having a more comprehensive
jradlologlcal protectlon program. ‘These licenses authonze possession of a wide variety of
radioactive materials without having each rad10nuc]1de and authorization listed on the license.
' There are three types’of broad licenses--Type A, Type B, and Type C. Most broad licenses
- are Type A. (For a clear understanding of these three types, see 10 CFR Part 33.)

Broad Type A licenses are issued pursuant to 10 CFR 33.13 and typically authorize
possession of any byproduct material with an atomic number between 1 and 83, in
“any chemical or physical form. The maximum possession limit is usually specified
both for the individual radionuclide and for the total activity of all radionuclides. .
These licensees must have a radiological safety officer and a committee that acts in
the place of NRC to make day—to—day decisions about the program.
Broad Type B licenses are issued pursuant to 10 CFR 33.14 and authorize possessmn
~ of a variety of radionuclides. The maximum possession limit is specified in 10 CFR
- .33.100, Schedule A, Column I. Broad Type B licensees must have a rad1010g1ca1
safety ofﬁcer and adequate adm1mstrat1ve controls

! The brogram codes referred to are,designated 'by NRC and may or may not be used by Agreement States T
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Broad Type C licenses are issued pursuant to 10 CFR 33.15 and authorize possession
of a variety of radionuclides. The maximum possession limit is specified in 10 CFR
33.100, Schedule A, Column II. Broad Type C licensees must have training and
experience as specified in the regulations, and the licensee must have adequate
ademstrauve controls.

i
"Other" licenses are usua]ly issued to smaller organizations requiring a more
restrictive license. These licenses are usually more specific in identifying each rad10nuc]1de
the chemical and physical form, and the authorized activities and users.

The program codes are also used to indicate the inspection ¢ategory and priority and
fee categories. Materials licensing and inspection fee categories are described in 10 CFR
Part 170.31. The fuel cycle facility inspection program is described in NRC Manual Chapter
2600 (MC 2600)(NRC90). The inspection frequency for the various procedures at these
facilities is described in Table 1 of MC 2600. Inspection program categories and priorities -
for materials licenses are described in detail in NRC Manual Chapter 2800 (MC 2800) -

(NRC90a).

Initial inspection of Ticenses in categories with priorities 1 through 5 are conducted |
within 6 months after material is received and operations under the license have begun.
Initial inspections of licenses in categones w1th priorities 6 and 7 are conducted w1th1n
1 year.

Routine, periodic mspecuons are normally conducted at mtervals in years
correspondmg to the inspection pnonty for that category:

Priority 1 - yearly

Priority 2 - every two years
Priority 3 - every three years
Priority 4 - every four years
Priority 5 - every five years

Priority 6 or 7 - inspected initially and thereafter normally only for resolution
of problems.
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C2 BYPRODUCT MATERIAL i’ROGRAM 0 cFR 30

) Byproduct materials are ‘man-made radioactive matenals (except specral nuclear
j material - refer to Section C.5) produced or made radioactive by exposure to the radiation

. " incident to the process of producing or utilizing special nuclear materials such as in a nuclear

teactor. Byproduct material does include activation products from nuclear reactors and from
plutonium-beryllium (Pu-Be) neutron sources, but does not include activation products from
_other neutron sources such as C£-252 or accelerators '

‘Byp_roduc't Material Licenses (10 CFR 30_, 32,33, & 35)

Byproduct Material Licenses are issued to educational institutions, medical facilities,
‘ industrial facilities, and individuals for the possession and use of byproduct materials and
.radionuclides for teachmg, training, research and development manufacturing, equipment
. calibration, medical research and development, medical diagnosis and/or therapy. There are
- many Byproduct Material Licenses categones including Medical Private Practice Licenses,
Well—Loggmg Llcenses Measuring Systems Licenses, Waste Disposal Services Licenses,
General License Dlstnbutlon Licenses, Exempt Distribution Licenses, Industrial Radiography
‘Licenses, Irradiators Licenses, and Low Level Waste Storage Licenses, some of which do
not have air emission concerns. Listed below are those hcenses that are requlred to comply
with regulatory hm1ts on a1rbome radionuclide emission.

e Academ1c Broad and Academlc Other These hcenses are 1ssued to educauonal
institutions for the possession and use of radionuclides for teaching, trammg and
some research purposes, such as C—14 datmg, equipment calibration, tracer studies,
and the 1dent1ﬁcat10n of substances in compounds. : -

‘9' Medical Instltuuon Broad & Medmal Instrtutron Other - A med1ca1 institution is
. defined in 10 CFR 35.2 to be an. organ1zat10n in which several medlcal disciplines are

+ practiced. It typically provides 24-hour-per-day medical, surglcal or psychiatric
treatment, nursmg, food, and lodglng to ill or injured patients. Medical Institution
Broad and Medrcal Institution Limited licenses are issued to organizations for the
application of byproduct matenal or its radiation, to humans: Separate licenses are:
issued to authorize teletherapy Radioactive material admlmstered to patlents is an in- -
Vivo procedure :
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Medical Private Practice - These licenses are issued, pursuant to 10 CFR 35 .,12, to
physician for the possession and use of radionuclides in well established diagnostic
and therapeutic procedures usually in their offices outside a medical institution.

Well Logging - Well-logging licenses are issued, pursuant to 10 CFR 39, to firms for
the possession and use of radionuclides for subsurface surveying to obtain geological
information. These testmg procedures are pnmanly used in oil, gas “and mineral
exploratlon to identify subsurface geologic formations. )
Measuring Systems - Measuring system licenses are issued for the possession and use
of measuring devices such as gauges and gas chromatographs containing’ |
radionuclides. Frequently, the equipment is serviced and leak tested by the
manufacturer or lessor of the équipment. |

Manufaétuxing and Distribution - These licenses are issued for the manufacture aiid
distribution of products containing byproduct material in various forms 'fo: a number
. of diverse purposes. Licensees include medical suppliers that process, package and
distribute products such as diagnostic test kits, radioactive surgical implants, and
tagged radiochemicals for use in medical, academic and industrial research, and for
" diagnosis and therapy. Licensees are also. suppliers who, after puichasing bulk
quantities of byproduct material, process, encapsulate, package, and distribute these =~
sealed sources for use in gamma radiography, cobalt irradiatioﬁ, and well-logging.
Firms are also involved with the manufacture, assembly, and distribution of various
other products that contain radionuclides. The broad licenses are issued to the larger
facilities having more comprehensive radiological protection programs.

Waste Disposal Services - Waste disposal licenses authorize the collection,
transportation, and storage of radioactive wastes. These licenses authorize firms to
collect packaged waste material, transport the waste, and temporarily store it before
transporting the waste to an authorized burial ground. Some licenses authonze the
opening of packages and treatment of the waste to reduce the volume, e.g.,
compaction.




General L1cense Distribution - General Ticense d1str1butron hcenses are issued for the
distribution of byproduct material, usually sealed sources in devices, to general

licensees. - Examples of such devices are: gauges, luminous aircraft safety devices,

calibration and reference sources, ice detection devices, and in vitro test kits. The
requirements for a license for distribution to general licensees are specified in various
sections of 10 CFR 32. A general licensee does not need to submit a formal

application and does not receive a formal license. The conditions of a general license

are described i in 10 CER 31.

Exempt Distribution - Exempt distribution licenses are issued for the commercial |
distribution of byproduct material to persons who are exempt from the licensing -

- tequirements. These exemptions and their Limitations, if any, are defined in 10 CFR

30.14-30.20. Examples of exempt items are: watches, balances, locks, compasses,

electron tubes, synthetic plaStio resin for sand consolidation, and smoke detectors.

The requirements for a license to distribute byproduct material to persons exempt

from hoensmg are presented in 10 CFR 32

Industrial Radiography - Industn’al mdiography licenses are issued for the possession
~and use of sealed radioactive materials, usually in exposure devices or "cameras," that

emit gamma rays for nondestructive examination of pipelines; weld joints, steel
structures, boilers, aircraft and ship parts, and other high-stress alloy parts. The

-radioisotopes most commonly used are Co-60 and Ir-192. Radiography can be

conducted e1ther ina permanent facility or at a temporary Job site.

.Irradjators - 'Irradiator licenses are issued 'for'the possession and use of high—aotiﬁr'ity.

sealed sources of radioactive material in an irradiator constructed so that the sealed
sources and the material being irradiated are oontained in a shielded volume. Primary
uses include non-human medical and nonmedical research, conducted ch1eﬂy by
universities, and industrial uses, such as the sterilization of medical products and
drugs and treatment of hardwoods, plastrcs and sem1—conductor materials. The
radioisotopes most commonly. used in these irradiators aIe Co-60 and Cs-137. Self-
shielded units are designed so that the operator cannot madvertently place any part of
h13/her body in the path of the beam. Units other than self-shielded units may rely on
facility alarms and interlocks to prevent accidental exposure to radiation. The

“Irradiators Other" _category mcludes umts where the source is stored and/or used
under water. -




° Research and Development Licenses - These licenses are issued to 'pri‘vate
organizations, universities, and government agencies for the possession and use of
radionuclides in research. Typical uses include: irradiation of materials, tracers and
catalysts in chemical reactions, measurement using industrial gauges, and the -
identification of substances in compounds. In private mdustry, uses are primarily in
product development. In academic institutions, research and development includes |
training of students in the use of radioactive materials. Broad licenses are issued to
larger facilities having a more comprehensive radiation protection program where the
types of research being conducted may change rapidly Typical activities'include
environmental analysis, food quality stud1es, aerospace and engmeermg apphcauons
and product development. : :

° Civil Defense - Civil defense licenses are issued for the possession and use of sealed
sources for training individuals in civil defense activities, such as calibrating and
" demonstrating the use of radiation survey and monitoring equipment. '

L Low-Ievel Waste Storage - Other - Licenses are 1ssued to allow addltlonal ons1te '
storage of low-level rad10act1ve waste generated on site.

C.3 SOURCE MATERIAL PROGRAM (10 CFR 40)

Source materials are materials essent1a1 to the production of specml nuclear matenals
(refer to Section C.5). Source matenal mcludes (1) uranium (and depleted uranium
produced as enrichment tails) or thorium, or any combination thereof; in any physical or
chemical form, or (2) ores that contain by weight one twentieth of one percent (0.05 %) or
. more of uranium, thorium, or any combination thereof Source matenal does not mclude
special nuclear matenal

Source Material Licenses

Source Material Licenses are issued for the possession and use of refined uramum
and/or thorium for fabrication, research, and manufacture of consumer products such as
ceramics and glassware, manufacture of refractors, uranium shielding, analytical standards,
and other uses not specifically classified. A smaller number of these licenses are issued to
allow the possession of uranium and/or thorium for uses other than processin'g‘or fabrication
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of any kind, such as distribution and storage. An even smaller number of these licenses are
issued for the use of uranium in subcritical assemblies. The Source Material Licenses are

divided into the following categories: .

Mills —'These licenses are issued for the extraction of uranium from uranium ore. In
milling operations, the ore is crushed, ground to fine mesh, and chemically treated to

. extract the uranium and convert it to a form called yellowcake.

Source Material, Other, Less Than 150 Kilograms - These licenses are issued for the

possession and use of source material for fabrication, research, or manufacture of
consumer products. These licenses do not a]low the possession of more than 150
kdograms of material.

Source Matenal, Smeldmg These hcenses are issued for the possessmn and use of

source matenal in sh1e1dmg for protectlon against radiation. -

Source Material, Military Munitibns Testing - These licenses é:e issued for the
possession, use and testing of depleted uranium products ,designed for the military.

Source Matenal General Llcense D1stnbut10n These hcenses are 1ssued to authorize
the mmal transfer of industrial products and devices containing depleted uranium, or
to allow the initial transfer of such products or dev1ces to persons issued a general

hcense under Part 40.25.

Source Material, Other, Greatelj Than 150 Kilograms - These licenses are issued for

the possession and use of source material for fabrication, research, or manufacture of
consumer products. These licenses authonze the possession of more than 150

kilograms of material.

Uranium Hexafluoride Production Plants - These licenses are issued for the possession
and use of uranium to allow the conversion of ye]lowcake and/or ore concentrates to
uranium hexafluoride (UFG)

Solution Mmmg These hcenses are 1ssued for the extraction of uranium from
uranium ores. The only mmmg operation licensed by NRC is solution mining, whlch
is leaching of ore by mjectlon of 11qu1d chemicals into the geologic formation.
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L Heap Leach, Ore Buying Stations and Bmfoduct Recovery - These licenses are i,ssueld‘
for the recovery of source material from low-grade uranium ores, from old tailings

piles, or from a small ore body at a location distant from a mill complex. The heap
leach process consists of spraying or trickling an acid dilution over sections of the
heap pile. Pipes or covered drains in the base of the pile collect the uranium-enriched
solution after it percolates through the 'heap. ‘ C

Rare Earth Extraction and Processing - These licenses are issued for the possession

°
and use of source material for processing activities not directly related to the nuclear
fuel cycle. This category includes licenses for extraction of metals, heavy metals, and
rare earths. ' ' :

. Source Material Licenses - These licenses are issued for the possession and use of

source material for miscellaneous activities. including licenses for sites that once
processed source material but are now being decommissioned. . Some sites include .
disposal areas, such as tailings or slag piles. Licenses for these sites are issued for
possession and storage only. ’ - '

C.4 RESEARCH AND TEST REACTOR PROGRAM (10 CFR 50, TYPE 104)

Research and test reactors include those used in medical therapy and research and
development facilities. The latter means (1) theoretical analysis, exploration, or
experimentation; or (2) the extension of investigative findings and theories of a scientific or
technical nature into practical application for experimental and demonstration purposes,
including the experimental production and testing of models, devices, gquipmeht, materials,
and processes. ’

C.5 SPECIAL NUCLEAR MATERIAL PROGRAM (10 CFR 70)

Special nuclear matenals include plutonium, U-233, uranium enriched in the isotopes
of U-233 or U-235, and any material artificially enriched in any of these materials.
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Sprecial‘Nuclear Material Licenses

Special Nuclear Material licenses are issued to licensees to receive, own, acquire,
-deliver, possess, use, and initially transfer special nuclear material. These licenses are
divided into the following categories:

‘@ - Hot Cell Operations - These licenses are issued for the processing and fabrication of .
’ reactor fuels containing uranium and/or plutonium for experimental purposes. Some
| facilities also perform chemical operations to recover the uramum and plutonium from
scrapand other off-spec:ficatlons materials.

e ‘Decomm1ss1omng of Advanced Fuel R&D and Pilot Plants - These licenses are issued
- to facilities which has notified NRC of their intent to terminate a portion or all of
their activities involving special nuclear material and/or have submitted to NRC a plan
and schedule for the facﬂmes property, and equlpment so that they may be released
for unrestncted use.

® . Uranium En‘richment Plants - Uranium enrichment plant licenses are issued for the
- possession and use of source and specml nuclear material for the purpose of enriching

natural uranium in the U-235 isotope. Existing and planned plants enrich uranium in -
the form of uranium hexaﬂuonde either by gaseous diffusion or gas centrifuge
methods. Future plants may use other forms of uranium and methods of enrichment.
Plants whose product is for eventual use in commerc1a1 power reactors enrich uranium
up to about 5 percent U-235, while. plants whose product is for naval reactor
propu1s1on ennch uranium to greater than 90 percent U-235.

e Uranium Fuel Fabrication Plants - These licenses are ‘issu'ed for the possession and
use of special nuclear material for the purpose of fabricating uranium fuel elements.
In most uranium facilities where light water reactor fuels are processed, low-enriched
uranium hexafluoride is converted to uranium dioxide pellets and inserted into
zirconium tubes. The tubes are fabricated into fuel assemblies which are shipped to

' commercial nuclear power plants. In other facilities, high-enriched uranium 1s

processed into naval reactor fuel and fabricated into naval reactor cores or core
components. Licenses are for possess1on and use of 5 kllograms or more of U-235
'that has been ennched to less than 20 percent.
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Decommissioning of Uranium Fuel Fabrication Plants - These licenses are issued to
facilities that have notified NRC of their intent to terminate a portion or all of their -
activities involving special nuclear material and/or has submitted to NRC a plan and
schedule for the facilities, property, and equlpment so that they may be released for
unrestricted use.

Uranium Fuel Research and Development and Pilot Plants - These licenses are issued
for the possession and use of enriched uranium for purposes such as academic training
and in research and development activities associated with nuclear fuel other than fuel
processing. Licenses authorize -possession and use of 5 kilograms or more of
enriched U-235 in unsealed form, or 2 kilograms or more of U-233 in unsealed form.

Critical Mass Material - These licenses are issued for the poséession and use of
special nuclear material in quantities sufficient to form a critical mass, specifically,
more than 350 grams of enriched U—235 more than 200 grams of U—233 more than
200 grams of plutonium, or any combination thereof. :

Decommissioning of Critical Mass - Other Than Universities - These licenses are
issued to facilities that have notified NRC of their intent to terminate a portion or all
their its activities involving special nuclear material and/or has submitted to NRC a
plan and schedule for the facilities, property, and equipment so that they may be
released for unrestncted use.

Special Nuclear Material, Plutonium-Unsealed, ‘Ljess Than a Critical Mass - These
licenses are issued for the possession and use of small quantities of plutonium (less

than 200 grams total) in unsealed form for purposes such as biological and chemical
testing and for calibration of instruments. )

Special Nuclear Material, U-235 and/or U-233 Unsealed, Less Than a Critical Mass -
These licenses are issued for the possession and use of small quantities of uranium
(less than 350 grams,of U-235 and/or less than 200 grams of U-233) in unsealed form'
for purposes such as biological and chemical testing and for ca]1brat10n of
instruments.
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: Spemal Nuclear Material, Plutomum Neutron Sources, Less Than 200 Grams These 3
hcenses are issued for the possession and use of small quanutles of plutonjum (less

than 200 grams total) usually combined with beryllium as the source of neutrons for - :
, mstrument calibration, teachmg and demonstration purposes, and industrial '
: apphcat:lons ‘

“Power Source with Bvuroduct and/or Special Nuclear Material- These licenses are
issued for the possess1on and use of byproduct and/or special nuclear material to |
generate heat or power that will be used in remote weather stauons, space satelhtes,
and other special applications. '

. Special Nuclear Material Plutonium - Sealed Source in Devices - These licenses are
issued for the possession and use of sealed sources contalmng special nuclear material -
. msta]led in devices such as gauges. : '

Special Nuclear Material Plutonium Sealed Source Less Than a Critical Mass -
- These licenses are issued for the possession and use of small quantltles of plutomum

" (less than 200 grams total) in sealed sources for purposes such as b1010g1ca1 and
chemical testmg and for cahbratlon of mstruments etc.

SDecial Nuclear Material, U-235 and/or U-233 - Sealed Source Less Than a Citical
‘Mass - These licenses are issued for the possession and use of smail quantities of
uranium (less than 350 grams of U-235 and/or less than 200 grams of U-233) in

" sealed sources for purposes such as biological and chemical testing and for calibration
- of mstmments etc :

- Pacemaker - Byproduct Matenal and/or Spemal Nuclear Matenal These licenses are -
issued to: (1) medical facilities for the surgical implantation of pacemakers that are

powered by a device containing byproduct or special nuclear material; -~

) manufacturers and distributors for the distribution of these pacemakers; and
*(3) individuals, most often Canadian citizens on hohday, with 1mp1anted nuclear ‘
pacemakers who are visiting in the Umted States




C.6

Special Nuclear Material, General License Distribution - These licenses are issued to
individuals for the initial distribution of calibration or reference sources containing

plutonium to persons who have been issued a general license under Part 70.19.
General licenses under Part 70.19 authorize the possession and use of plutonium i m
calibration or reference sources. A person may be a general licensee only if the
person is already a specific licensee.

Fresh Fuel Storage at Reactor Sites - These licenses are issued to commércial nuclear
power reactors that have Be;en granted a Construction Permit (CP) but not an
Operating License (OL). These licelrses authorize the storage of new unirradiated
reactor fuel elements containing special nuclear material. Once a reactor has been
granted an OL, this Part 70 materials license is termmated (The OL mcludes ;
authorization for the possession of the fuel ) :

Interim Spent Fuel Storag - These licenses are issued under 10 CFR Part 72 for
possession of power reactor spent fuel and other radioactive matenals assoc1ated with
spent fuel storage, in an independent spent fuel storage installation. (These licenses
are issued for up to 20 years.) ~ :

Transport - Private Carriage - Transport-Private Carriage Ticenses are issued for the
possession of byproduct, source, and special nuclear matenals in packages authonzed
under Part 71, ‘and in private carriage from a carrier’s termmal to the hcensee s
facility, all within the United States. T C
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'APPENDIX D

DESCRIPTION OF FACILITIES EVALUATED

This appeﬁdix describes the types of facilities other than nuclear poWer
reactors, licensed by NRC and Agreement States, whose radioactive effluents
were evaluated for the‘purpose of conducting the NESHAPs rulemaking.
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APPENDIX D
DESCRIPTION OF FACILITIES EVALUATED -

The NESHAP applies to approximately 8,000 NRC-licensed and non-DOE federal
facilities other than nuclear power: reactors that possess unsealed sources of radioactive
materials. NRC-licensed facilities other than nuclear power reactors 'iilclude material
licensees, non-power reactor Hcensees, and fac:htles engaged in the uranium fuel cycle.
NRC-licensed facilities other than nuclear power reactors also include facﬂmes licensed by
the Agreement States but exclude low-energy accelerators and facilities regulated under 40 -

- CFR Part 191, Subpart B. -Pertinent information regardmg the facility types considered for

evaluation, including those where further study was not warranted, is listed in Table D-1.

The major types of facilities covered by the standard are described in the following
sections. The discussion focuses on the physical forms. of the radlonuchdes used and the
~handlmg and processing that the materials undergo. These factors are major determinants of
the quantmes of materials handled that become airborne.

The descriptions vprovided below were ,obtained from the Nuclear Regulatory
Commission’s public document room(s), supplemented as necessary by "EPA’s
Environmental ITmpact Statement, NESHAPs for Radionuc]ides, Background Information
- Document - Volume 2," dated September 1989, and "Background Information Document -

‘ Procedures Approved for Demonstratmg Comphance w1th 40 CFR Part 61 Subpart L" dated
October-1989.

’'D.1 BYPRODUCT MATERIAL LICENSEES (10 CFR 30)
D.1.1 sters and Producers of Radionuc]ides for Medical‘Pumoses

The users and producers of radioactive materials for medical purposes constltute by
“far the largest category of facilities handlmg unsealed radioactive sources. Approxlmately
‘ two-th1rds of the 8,000 facilities covered by the NESHAP are engaged in some aspect of the
production and distribution of radiopharmaceuticals or in the medical application of these
‘materials. Medical uses of radiopharmaceuticals include biomedical research and patient
admlmstratron of radlopharmaceutlcals for both dlagnostlc and therapeutic purposes.
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Table D-1. NRC licensees other than power reaci:ors.

PROGRAM
CODE

01100 Academic Type A 44
01110 Academic Type B 14
01120 Academic Type C 19
01200 Academic Other ' o
02110 Medical Institution Broad 121
02120 Medical Institution Limited 1384
02121 Medical Institution Custom 14
02200 Medical Private Practice Limited 306
02201 Medical Private Practice Custom 165
02209 Grandfathered In-Vivo General Medical Use 69
02220 Mobile Nuclear Medicine Service 22
02400 Vet, Non-Human ‘ 4
02410 In-Vitro Testlab 124
02500 Nuclear Pharmacies v : 50
02511 Medical Product Distribution - 32.72 3
02512 Medical Product Distribution - 32.73 7
02513 Medical ‘Product Distribution ~ 32.74 6
03211 Manufacturihg/Distribution Broad Type A ‘18
03212 Manufacturing/Distribution Broad Type B - 17
03213 Mamufacturing/Distribution Broad Type C 3
03214 Manufacturing/Distribution Other 134
03218 Nuclear Laundry 5
03232 Waste Disposal Service Prepackaged Only 7
03234 Waste Disposal Service Processing/Repackaging _ 7
03610 Research and Development Broad Type A 130
03611 Research and Development Broad Type B 13 .
03612 Research and Development Broad Type C 21
03613 Research and Development Broad

-Multisite-Multiregional 3
03620 Research and Development Other 561
11200 Source Material Other <150kg 26
11210 Source Material Shielding 44
11230 Source Material General License Distribution 0
11300 Source Material Other > 150 k 84
11500 Solution Mining (R&D and Commercial Facilities) 9 -
11600 Heap Leach, Ore Buyiﬁg Stations & Byproduct Recovery 3
11800 Source Material | 4
21130 Hot Cell Operations ‘ 5
21135 Decommissioning Uranium Fuel R&D & Pilot Plants 2
21215 Decommissioning Uranium Fuel Processing Plénts; 3
21240 Uranium Fuel R&D and Pilot Plants . 1
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Table D-1. NRC lioensees other than power i‘eactors (cdntinued).

21310 | ‘Critical Mass Material for Universities 10
21320 Critical Mass Material Except Universities . 4
21325 Decommissioning Critical Mass Except Universities , .0
22110 ' Special Nuclear Material, Unsealed Plutonium < 200g 16
22111 Special Nuclear Mabenal Unsealed U—235 < 350g, 12

‘ U-233 < 200g :
It 22170 | Speclal Nuclear, General License Distzibution -0
25110 Transport Private Carnage - ' 2
Miscellaneous 13
SUBTOTAL 3,509

1

10 CFR 50 licensees (reactors and test/research reactors) were not part of the data base used to select
the random sample Other source categories were deleted from the data base whenever (1) EPA had a
specific interest in studying that source category (e.g., rare earth processors), or (2) due to their small
numbers, there was no guarantee that the source category would show up in the random selection (e. -8+

low-level radioactive waste dlsposal faclhtles) -~

Test and Research Reactors -

70
03231 ' Waste Disposal - Burial 2
03233 Waste Disposal Service - Incineration 1.
03235 Incineration, Non-Commercial 0
06100 Low Level Waste Storage -0
11100 Mills, | 20
11220 Source Material Military Munitions Testmg 9
11400 Uranium Hexaflouride Production Plants - 2
11700 Rare Earth Extraction and Processing 11
21210 Uranium Fuel Processing Plants | 11
' ’ SUBTOTAL 126

2

The designated facility data base consists of (1) specific facilities (e.g., large hospxtals) EPA has
evaluated in prior studies and in need of updating (e.g., site-specific demographics), and (2) speclﬁc
facilities in which EPA has developed an interest (e.g., rare earth processors).
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Table D-1. NRC licensees other than fower reactors (continued).

Eye Applicators Sr;9Q

50

02210 '
02300 Teletherapy 223
03110 Well-Logging Byproduct and/or SNM Tracer and Sealed
Sources 45

03111 Well-Logging Byproduct and/or SNM Sealed Sources 54
03112 .Well Logging Byproduct Only - Tracers Only 6
03113 Field Flooding Studies 4

It 03120 Measuring Systems Fixed Gauges 172
03121 Measuring Systems Portable Gauges © 1,529
03122 Measuring Systems Analytical Instruments - 112
03123 Measuring Systems Gas Chromatographs 596
03124 Measuring Systems Other 83
03220 Leak Test Service Only 10 -
03221 Instrument Calibration Service Only, Source < 100 Curies 48
03222 Instrument Calibration Service Only, Source > 100 Curies 19
03223 Leak Test & Instrument Calibration Service, Source < 100 Curies 18
03224 Leak Test & Instrument Ca.hbratlon Serv1ce, Source > 100 Curies 5
03225 Other Services 70
03240 General License Distribution - 32.51 49
03241 General License Distribution - 32.53 1
03242 General License Distribution - 32.57 - ; 1
03243 General License Distribution - 32.61 0
03244 General License Distribution - 32.71 33
03250 Exempt Distribution - Exempt Concentrationé and Items 6
03251 Exempt Distribution - Certain Items 63
03252 Exempt Distribution - Resins 0
03253 Exempt Distribution - Small Quantities - 45

‘ 03254 .Exempt Distribution - Self Luminous Products 13
03255 Exempt Distribution - Smoke Detectors 26
03310 Industrial Radiography Fixed Location 64
03320 Industrial Radiography Temporary Job Sites 192 -
03510 TIrradiators Self Shielded < 10,000 Curies <172
03511 Irradiators Other < 10,000 Curies 19
03520 Irradiators Self Shielded > 10,000 Curies 33
03521 Irradiators Other > 10,000 Curies 20
03710 Civil Defense 30
22120 Special Nuclear Material, Plutonium Neutron Sources, <200g

92
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- Table D-1. NRC licensees ofher.thau power reactors (continued).

',2213'0 _ l’cwer Sources with Byproduct a.ud/or Special Nuclear Material 0
22140 Special Nuclear, Plutonium Sealed Source in Devices ‘ 10
22150 ,Special Nuclear, Plutonium Sealed Sources, < Critical Mass 15
22151 ‘| Special Nuclear, U-235, U-233 Sealed Sources, < Critical Mass ‘ 3
22160 * | Pacemaker Byproduct/Special Nuclear Medical Insututlon 68
22161 ‘ Pacemaker Byproduct/Special Nuclear ~ Individual ’ _ 4
22162 : Pacemaker Byproduct/Speclal Nuclear - Manufactunng & 1

Distribution ‘
23100- Fresh Fuel Storage at Reactor Sites - ' ' o 5
' ) ' ~ SUBTOTAL 4,609
v TOTAL 8,244
3 Sealed source users are excluded from the Random Survey and Des1gnated Survey data bases because the
potential for airborne radioactive effluents is essentially zero.

Radiopharmaceutical Users -
, The types of facilities that use radionuclides for medical purposes include hospitals,
clinics, and biomedical research facilities. The radionuclides used directly in patient therapy -
and diagnosis are termed "radiopharmaceuticals,"” while those used in research are referred to
“radionuclides.” For simplicity, the term "radiopharmaceuticals" will be used to refer to
the rad10act1ve matenals used in both pauent admm1suat10n and research.

The radiophalmaceuticals used at medical facilities occur in all three basic physical -
states: solid, liquid, and gas. The physical state of a particular radiopharmaceutical product -
is determined by (1) the chemical form 6f the radionuclide and- @ the solution or other
mixture, if any, in which the radionuclide is dispensed. Both the radionuclide and the
substance in wh10h it is mlxed are chosen to suit speclﬁc therapeutlc, diagnostic, and

‘ research purposes.. ‘ '




The mixing of the radionuclide with some other substance means that the 'physical
state of a radiopharmaceutical product may be different than the physical state of the
radionuclide itself. In this document, discussions of the form of a particular radionuclide
refer to the radionuclide product. The phys1ca1 states of these products are important in
assessing the potential for aerorne release

Most radionuclides used in medical facilities occur in liquid form. These liquids may
be administered either orally or intravenously.’ Orally administered radionuclides are usually
in the form of aqueous solutions. Many of these chemicals are ionic salts and thus occur in
liquid form as saline solutions. Radionuclides that are admnustered mtlavenously may occur
as solutions, colloids, or suspensions. |

Solutions consist of molecules of solids or gaseous substances dissolved in a liquid.
Colloids involve the dispersion of larger particles (on the order of 10 nanometers to
1 micrometer in diameter) in a liquid medium; the larger particles are prevented from
aggregating and settling by being coated with a layer of gelatin (as is done with Au-198).
Suspensions are similar to colloids but involve the radionuclide labeling of still larger
particles (greater than 10 micrometers in diameter) of substances such as human serum
albumin. ‘

Gaseous radionuclides usually occur naturally in elemental form e.g., Xe-133), and
are administered to patients as a pure gas or as a gas diluted by air. Patients normally inhale
the gas from a bag or from a gas "generator” through a respirator. v

Solid radionuclides occur as gelatin capsules containing liquid solutions of the
radionuclide chemical. In some cases, the solution is absorbed in dry ﬁ]ler material. Sohd
radionuclides are administered orally to patlents

The number of radionuclides with medical applications is extensive and increasing. In
the areas of diagnosis and therapy, the most commonly used radiopharmaceuticals include
Cr-51; Co-57, -58, and -60; Ga-67 and -68; Tc-99m; I-123, -125, and -131; Se-75, Xe-127
and -133; and T1-201. Biomedical researchers employ tritium, C-14, P-32, and S-35
extensively. The radiopharmaceuticals used in medical applications may be obtained from
radlopharmaceutlcal manufacturers or independent radiopharmacies, or they may be produced
on site from radiopharmaceutical generators. Because of the relauvely short ha]f lives of the
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radlonuchdes used in med1c1ne shlpments from vendors are recerved frequently (weekly or
daily), and storage tlmes are m1mma1

RadiopharmaceutiCals purchased from vendors may be in the form of pre-packaged
dose kits, radiopharmaceutical generators or bulk supphes from which md1v1dua1 doses are
extracted and prepared. Handling of prepackaged dose Kkits may. involve no more than
Temoving the material from the package and ademstermg the rad10pharmaceutrca1 to the
patient e1ther ora]ly or by mtravenous mJecuon

Handling of matenals obtamed in the form of bulk stocks or radropharmaceutrcal

' generators is more involved. In general these materials are received and stored in a central
area where individual doses are prepared. In the case of liquids, dose preparation involves
extractmg the requn'ed quantlty from the stock solution by syringe or pipette and diluting the -
material in a suitable. sterile medium. . These operatlons are conducted in a fume hood and
the dose is administered to the patlent elther mtravenously or orally.

Preparatron of doses from rad10pharmaceutlca1 generators, of whlch Mo—99/Tc—99m
‘generators are the most common, involves elution of the product from the generator and

~ division of the elute into individual doses. The procedures for eluting a generator depend on

whether it is a wet or dry column design. In a wet column generator, an evacuated

extraction vial is attached to the end of the generator column with a sterile needle. Using the-

vacuum within the vial, the solvent is pulled from the generator reservoir through the column

and into the vial. The procedure for a dry column generator is similar. However, since dry

B ~ generators do not have a reservoir of solvent, solvent must be added to the column prior to .

elution. The charge vial is attached to one end of the generator and then the evacuated.
extraction vial is attached to the other end. The solution is drawn through the generator

. column and collected in the elution vial. These elution procedures and dose divisions are

conducted in a fume hood, w1th the generator shielded to prevent external irradiation of the

- techmcrans - .

Handling of radionuclideS for biomedical research is more varied than that of
radiopharmaceuticals used for patient administration. Depending on the specific

' radronuchdes used and the goal of the expenment ‘the materials may simply be extracted

from bu]k stocks and administered, or the radionuclide may be subjected to addltlonal

- chemical or physrcal processmg - : ‘




Radiopharmaceutical Producers and Suppliers

Radiopharmacentical manufacturers produce the radionuclide-labeled compounds, -
diagnostic kits, and radionuclide generators used in biomedical research and medlcal
diagnosis and therapy. The radiopharmaceutical products may be shipped d1rect1y to medical
users, or they may be shipped to independent radlophaxmames where individual doses are
prepared from the bulk supplies or generators and distributed to medical users. Ind1v1dual
radiopbarmaceutical manufacturers may specialize in only a few widely used ,
radiopharmaceuticals or may produce many of the radionuclides used in biomedical research
and patient diagnosis and therapy. o | S ‘

The radionuclides used inradiopharmaceuticéls are produced either in nuclear reactors
or in accelerators. Radiopharmaceutical manufacturers inay operate their own production
facilities or may purchase the bulk radionuclides from an outside vendor. In producing the
bulk radionuclides, a suitable target is first prepared and then bombarded with neutrons or
positive ions in the reactor core or accelerator Once irradiation is complete, the target is
removed from the production device, and the product is recovered and punﬁed in a hot cell
by appropriate chemlcal processing.

The production of the labeled compounds used in radiopharmaceuticals and
biomedical research is essentially a wet chemistry process. Depending on the specific
radiopharmaceutical, workers conduct these operauons within laboratory fume hoods or -
gloveboxes. The final products are genera]ly assembled and packaged in assembly line
operations.

Radiopharmaceutical generators are designed and prddubed as closed aseptic systems
using some type of chromatographic column. Typically, this chromatographic column
consists of an inorganic jon exchange resm to which the generator (parent) radionuclide is
bound. As the parent radionuclide decays, the decay product, which has different
chemical/physical properties, is produced. The decay product i is eluted from the column by -
the user at §pec1ﬁed intervals. Generators are manufactured in a hot cell, where the parent
radionuclide is packed in the column, and the column of the genera,tdr is surrounded ‘by' _
absorbent materials and shielding. The absorbent materials minimize the consequences of
accidental breakage; the shielding reduces the radiation exposure of users. Once the
generator is loaded, final assembly and packaging are carried out on an assembly line.
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. Independent radropharmames are a relatlvely recent phenomenon Generally located
* in large cities, these facilities serve as distribution facilities. Radiopharmacies purchase bulk
stocks and generators from radlopharmaceutlcal manufacturers and provide hospitals and

. clinics with individually prepared doses on an as—needed basis. The dose preparation
' procedures at these facilities do. not differ from those at medical facﬂ1t1es that obtain their
radlopharmaceutlcals directly from the manufacturers

'D.1,2 Sealed Source Manufaeturers
Manufacture of Self—llluminating'DeVices

‘ While facilities that use only' sealed radiation sources are not covered by the ,

- NESHAP, the industrial facilities that produce sealed sources are subject to the standard.

- The facilities in this category fall into two broad classes: those that manufacture.
encapsulated alpha-, beta-, or gamma-emitting radiation sources and those that manufacture
self-luminous devices. Only the latter is included as part of the Designated Survey.

Self-illuminating devices include watches, compasses, signs, and aircraft ‘

. instrumentation. - Historically, Ra-226 was used in radio-luminescent products. However, the
- well-documented hazards of working with radium and the advent of other rnaterials with
inherently super.lor characteristics have largely eliminated the use of radium. Today, tritium
‘and, to a much 1esser extent, Kr-85 and Pm-147 are used in the productlon of self-luminous
dev1ces ' ‘

Two general types of self-'illuminating‘devices are made: those in which: the radio-
luminous material is incorporated into a paint which is used to coat the dial and/or instrument
hands; and those in which a radioactive gas (tritium or krypton) is containedin a phosphor-

coated glass ampule. Only the second type is included as part of the Designated Survey.

Manufacturers of self- i]luminating devices obtain the bulk radionuclides in either
gaseous or (rarely) hquld form from a vendor. In the case of self- ﬂlummatmg sources, the
gaseous radlonuchde (tritium or Kr-85) is transferred toa glass ampule and sealed. The
" process is camed out in areas w1th high ventﬂatron rates or in fume hoods to protect the

workers. v '
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D.1.3 Waste Receivers-Shippers and Disposal Facilities

Low-Level Radioactive Waste Processing antl/or Packa.gm I4

The radioactive wastes generated by facilities that use radionuclides must be d1sposed '
of in an approved manner. In gemeral, wastes with hlgh spec:fic activities (such as uranium-
contaminated scrap at non-oxide fuel fabrication facilities) will be recycled and recovered.
However, virtually every user of unsealed radioactive materials will generate solid, low-level
radioactive wastes which requlre active disposal. Such wastes may be incinerated on site or |
packaged and shipped off site to a licensed low-level waste disposal facmty Th1s study
mvestlgated incinerators and packing facﬂ1t1es

Waste receivers and shippers (sometimes called "waste brokers") are pnmanly
collection and shipping agents for facilities generating Tow-level wastes Most such
receiving-shipping facilities simply collect the wastes in shipping containers approved by the
Department of Transportation from a number of waste generating facilities, . moniter the
packages for contamination, and hold the wastes at a warehouse until they arrange a shipment
to a licensed disposal site. The licenses of most such receiving and shipping facilities do not
allow the facility to repack or even open the waste packages However, several such -
facilities have been licensed to open, compact and répackage waste matenals before
shipment.

Incineration -

Recently, a new low-level waste operation called incineration has been established.
Waste incinerators provide a volume reduction service by processing waste in the form of
paper, plastic, metal, liquid, or animal carcasses. Most of the 'radioactivity projeéted to be
burned is called dry active waste (DAW) from nuclear power plants. Much of the remainder
is industry and institutional DAW. The retaining most radionuclides is immobilized and
packaged for disposal. Some amount of radioactive material i is d1scharged from the stack
Burning waste can reduce volume by as much as 95 percent '
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vﬂDisposal

' Until recently, low-level waste disposal in the United States was accomplished via -
o sha]low land burial,” a method that does not rely on engineered barriers to isolate the
waste. Over the years several problems have developed and resulted in the closmg of three
of the six operating facilities. New federal and state laws require for future facilities that
) engmeered barriers be used in addition to good siting practlces Some states have requlred a
design goal of zero release

- A low-level radioactive waste d1sposa1 facility has two dlstmct phases of operatlon ‘
-pre-closure and post-closure. Durmg the pre-closure phase, waste is received onsite, re- .
packaged if necessary, and placed in rts final resting place. In the post-closure phase,
monitoring of the facility is continued for a period of years into the future until institutional
controls can no longer be assumed to be available, usua]ly 100 years.

© D.2 NON-POWER REACTOR LICENSEES (10 CFR 50, TYPE 104)
D.2.1 Test and Research Reactors

NRC licenses approximately 70 academic, research, and industrial facilities to operate

' test and research reactors. Test and research reactors are used as teaching devices, to study

reactor designs, to conduct research on the effects of radiation on materials, and to produce

- radioactive materials-used by sealed source and radlopharmaceu_ucal manufacturers.

: The design of such reactors and then: sizes vary widely. Approxlmately 15 research
reactors are: used pnmanly as teachmg devices and have very low power outputs (less than ’
15 watts). The nuclear cores of these reactors have their uranium fuel dispersed and fixed in

a plastic matrix. Given the design and use of these teachmg reactors, aerome releases
~cannot occur durmg normal operatlons :

Research and test reactors used for experimentaland production purposes include both |
light-water pool and heavy-water tank-type designs, ranging in power from 100 kilowatts to
10 megawatts. All of these facﬂrtles use h1gh1y enriched uranium fuel erther in metal or
‘mlxed carblde fuel elements. :
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In these reactors, experiments and/or production activities are conducted by remotelyrl
inserting the target containing the material to be irradiated into the experimental ports or
beam holes that penetrate the reactor core. The target material is subjected to the neutron .
flux of the reactor core for an appropriate period of time and then withdrawn via shielded
transport devices (called "rabbit systems™) to a hot cell. The irradiated matériallis’ examined
or the product is recovered in the hot cell. Product recovery may be as simple as dissolvingI
a soluble salt in water, or it may involve evaporatlon prec1p1tat10n extraction, d1st1]1at10n,
and/or ion exchange.

Potential airborne releases from such facilities include the ﬁssidn products in the core -
of the reactor, activation products generated during the opemﬁon of the reactor, and releases
from the disassembly and recovery of target materials in the hot cell.

In general, the activation products, along with ény gaseous fission products escaping
the coolant, are released directly to the atmosphere from the facility exhaust. Materials that .
become airborne during processing in the hot cell will be vented through the ot cell’s -
exhaust system. The effluent from the hot cell is genera]ly filtered through hlgh efficiency
particulate air (HEEPA) filters before release.

D.3 URANIUM FUEL CYCLE FAC]LIT]ES (10 CFR 40 and 'ZO)

The uranium fuel cycle includes uranium m:]ls, uranium hexaﬂuonde conversion
facilities, uranium ennchment facilities, light-water reactor fuel fabricators, hght-water
power reactors, and fiiel reprocessing plants, With the exception of the uranium enrichment
facilities that are owned by the federal government and operated by contractors under the
supervision of the Department of Energy (DOE), these facilities are licensed by NRC or the
Agreement States. Nuclear power reactors and DOE enrichment facilities are not part of this
study. ‘

D.3.1 Source Material Licensees (10 CFR 40)
Uranium Mills o ’

Uramum mills extract uranium from ores wh10h conta:ln only 0. 01 to 0.3 percent
U;0;. Uranium mills, typ1ca]1y located near uranium mmes in the western United States, are
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usually in areas of low population density‘ ‘The product of the mills is shipped to convers1on
plants, where it is converted to volaule uramum hexaﬂuorrde (U'Fﬁ) which is used as feed to
" uranium enrichment plants o :

' As of December 1988, of 27 uranium mills in the United States licensed by NRC or
the Agreement States, 4 were operating, 8 were shut down, 14 were being decommissioned,
‘and 1 had been buﬂt but never operated. The eight shut down mills could resume
- operatlons but the 14 mills that are being decommlssmned will never operate agam

The operatmg mﬂls have a capacrty of 9, 600 tons of ore per day The number of -
operatmg mills is down considerably from 1981, when 21 mills were processing
approximately 50,000 tons of ore per day.  This reduction reflects the decrease in the
~ demand for yellowcake The mined ore is stored on pads prior to processmg Crushing : and
: gnndmg and a chemrcal leaching process separate the uranium from the ore. The uranium
product is dried and packaged followmg recovery from the leach solution. The waste
- product (m1]1 taj]ings) is piped asa vslurry to a surface impoundment area (tailings pile).

_ Radloactlve matenals released to the air during these operatlons include natural
uranium and thorium and their respective decay products (e g., radium, lead, radon). These
radronuchdes with the exceptlon of radon, are released as partlculates '

Depleted Uranium Munitions Testing Facilities

7 The processing of natural uranium to obtain uranium enriched in the U-235 isotope
_ results in abundant tails teferred to as depleted uranium. Its ownership, possession, and use
is licensed by NRC as source material. The density and low specific activity of depleted
uranjum make it useful for several apphcatlons including radrologrcal shielding,
counterweights in aircraft, and in military munitions. This Iatter activity has the greatest
potentlal to result in a1rbome release of radroacuve material. ‘

A ~ Depleted uraninm is used by the m1]1tary in munitions designed to pierce armor

- plating. The design of these munitions is developed and refined by the army based on "soft"
and "hard" testing. Soft testing is conducted to define and refine the accuracy of the
mumtlons, and is conducted on outdoor firing ranges where the depleted uranium round is
fired at the "target“ located in a sand-filled testmg enclosure located several kilometers from
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the gun. After impact, the depleted uranium "rod," which is generally intact, is simply left
in the ground as the risk from unexploded munitions makes retneval too dangerous. Hard
testing is conducted to evaluate and reﬁne the destructlve capabﬂlty of the munitions. In
hard testing, either actual munitions or- scale mockups are fired at an armor—plated target. By
Iicense conditions, all hard testing of depleted uranium munitions is conducted in indoor test
enclosures, the ventilation stacks of which are equipped w1th roughmg and I-]ZEPA filters; the -
exhaust is monitored during testing.

The Department of Defense conducts testing of depleted uranium mumtlons ata
number of proving grounds around the country. The U.S. Department of the Ammy’s
Ballistic Research Laboratory and Combat Systems Test Activity }facﬂ1t1esvat the Aberdeen
Proving Ground in Aberdeen, Maryland conduct both hard and soft testing. Soft testing is
also conducted by the Army at the Yuma Proving Ground near Yuma, Arizona, and at the
Jefferson Proving Ground near Madison, Indiana, and the Navy conducts soft test firings at
the China Lake Weapons Testing Site near China Lake California. Occasionally, on the
order of once every two or three years, the Army conducts an open-air hard test firing at the
Nevada Test Site. These munitions are used only during actual hostﬂmes, not during
training or exercises. -

Uranium Conversion Facilities
e A A S N
[

The uranium conversion facility pliriﬁes and converts uranium oxide (U,O; or
yellowcake) to volatile uranium hexafluoride (UF;),the chemical form in which uramum
enters the enrichment plant. :

Currently 2 commercml uranium hexafluoride (UFg) productlon facilities are operatmg
in the United States: the Allied Chemical Corporation facility at Metropolis, Iilinois and the )
Kerr-McGee Nuclear Corporation facility at Sequoyah Oklahoma. The Allied Corporation
facility, a dry-process plant in operation since 1968 has a capacity to produce about 12,600
mt of uraninm per year in the form of UF,. The Kerr-McGee Nuclear Corporatlon facmty is
a wet-process plant in operation since 1970, with a capacity of about 9,100 mt per year.!

1 U.Ss. Atomic Energy Commission, Fuels and‘Materia‘ls Directorate of Licensing, Environmental Survey
of the Uranium Fuel Cycle, April 1984, and W. Dolezal, personal communication with D. Goldin, SC&A, Inc.,
September 1988. )

i
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- Two industrial processes are used for uranium hexafluoride production, the dry
hydrofluor method and the wet solvent extraction method. Each method produces roughly
~ equal quantities of uranium hexafluoride; however, the radioactive effluents from the two
processes differ substantially. The hydrofluor method releases radioactivity primarily in the
gaseous and solid states, while the solvent extracuon method releases most of its radioactive -
© wastes dissolved in hquld efﬂuents ‘

Ny . ~Dry ;Hydroﬂuor Process

. This process consists of feduction, hydroﬂuorination, and fluorination of concentrated
-ore to produce crude uranium hexafluoride. Fractional disti]]ntion is used to obtain
-punfied UF,. Impurities are separated either as volatile compounds or as a relatively

concentrated and msoluble solid waste that is dried and drummed for d1sposa1

A Solvent Extraction Process

The solvent extraction process employs a wet chemical solvent extraction step at the
start of the process to prepare high purity uranium for the subsequent reduction,
hydrofluorination, and fluorination steps. The wet solvent extraction method
separates impurities by extracting the uranium from the organic solvent, leaving the
impurities dissolved in an aqueous solutlon The raffinate is 1mpounded in ponds at
the plant site. '

Rare Earth Extraction and Processing Facilities ’

Rare-carth elements are metals with distinct individual properties which make them
potentially valuable as aJloying' agents The name rare earths is deceiving, however, because
they are neither rare nor earths. Rare earth mmerals exist in many parts of the world, and
" the overall potential supply is essentially unlimited. The term earth stems from the fact that
the elements were first isolated from their ores in the chemical form of oxides and that the
old chem1ca1 terminology for oxide is earth. The rtare earths (also called Lanthamdes) form
tnvalent bonds, and when their salts are dissolved i in water, they ionize to form trivalent ions

“and the solutions exhibit very similar chemical properties, sharing a valence of three. Rare
. earths are widely distributed in nature, aIthough they generally occur in low concentrations.
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Approximately 10 facilities are engaged in the recovery of metals from source
materials. Rare earth facilities with NRC Source Material Licenses process natural and
synthetic ores which contain at least 0.05 percent, by weight, of naturally occurrmg uranium
and thorium. The principal environmental impacts of rare earth facility operations include
the potential release of radioactive particles and radon from the storage, handling, and
processing of the ores. The operation of a rare earth facility involves grinding, dissolving,
and processing the natural and synthetic ores. The ores are fed into a grinding machine
where they are reduced into particle size. Dust from this process goes to a dust collector
which recycles the dust back into the system, scrubs it, then releases it into the environment.
Because this process is relatively closed, it is genera]ly believed that very limited amounts of
radloactmty escape. The reduced ores are transferred through p1pes into digester tanks
which contain acid that selectively dissolves the ores. The unwanted uranium and thorium
react with the acid to form insoluble uranium and thorium fluorides. Different facilitics have
different processes by which they store the radioactive wastes. It is often stored onsite in
barrels or slag piles. ‘

I.WR Fuel Fabrication Facilities

Light water reactor (LWR) fuels are fabricated from uranium which has been
enriched in U-235. At a gaseous diffusion plant, natural uranium in the form of UF, is
processed to increase the U-235 content from 0.7 percent up to 2 to 4 percent by weight.
The enriched uranium hexafluoride product is shipped to LWR fuel fabrication plants where
it is converted to solid uranium dioxide pellets and inserted into zirconium alloy (Zircaloy)
tubes. The tubes are fabricated into fuel assemblies which are shipped to nuclear power
plants. There are seven licensed uranium fuel fabrication facilities in the United States which
fabricate commercial LWR fuel. Of the seven, only five had active operating licenses as of
January 1, 1988. Of those five facilities, two use enriched uramum hexaﬂuonde to produce
completed fuel assemblies and two use uranium dioxide. The remaining facmty converts
UF; to UO, and recovers uranium from scrap materials generated in the various processes of
the plant. ' ‘

The processing technology used for uranium fuel fabrications consists of three basic
operations: (1) chemical conversion of UFs to UO,; (2) mechanical processing including
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pellet production and fuel element fabncatmn and (3) recovery of uranium from scrap and
off-specification material. The most 51gmficant potential environmental impacts result from
converting UFg to UO, and from the chemical operations involved in scrap recovery.

,Non-LWR Fuel Fabrication Faci]ities

Only a few facﬂltres produce the metal and mixed carbide fuel used in test and
research reactors

- The non-oxide fuel fabncatron process begms W1th ‘highly ennched uranium metal.

* . The uranium metal may be mixed with an’ alloymg metal in an induction furnace. The fuel is

. then either rolled, punched, drilled, or crushed and compacted, and machined and shaped
- into the proper dimensions. Once the fuel is properly formed, it is enclosed in aluminum or
stainless steel. The enclosmg process may involve injection casting, loading into a can or
mold, or simply covering the fuel with side plates and rolling the metals together. Fmrshed
fuel elements are then inspected and cleaned pnor to assembly into fuel bundles: '

The production of mixed ca.rbide fuel starts with highly enriched uranium dioxide-
thorium dioxide powder (U OZ-ThOZ) This powder is mixed with graph1te and heated to .- -
form uramum—thonum ‘carbide kernels. These kernels are formed into microspheres by
heating to a temperature in excess of the kernels’ melting point. The. m1crospheres are then

" coated with carbon and silicon layers in a fluidized bed furnace. Fuel rods are formed by

mJectmg the coated kernels and a matrix material into a hot mold. The finished rods are .
then mserted mto a graphrte block to form the ﬁnal fuel assembly
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APPENDIX E

QUALITY ASSURANCE CRITERIA FOR NUCLEAR POWER PLANT S
AND FUEL REPROCESSING PLANTS

Quality assurance (QA) comprises alllthose p]anned and systematic actions necessary
to provide confidence that a component will perform satisfactorily in service. Given the
diversity of NRC-licensed facilities other than nuclear power reactors and the necessity to
structure QA programs suited to the function of a facility, QA programs are themselves
diverse, bearing closer resemblance to the highly structured power reactor programs as the
complexity and risk potential of a facility increases. | ‘

QA programs must be documented by written policies," procedures, or instructions and
must be carried out thronghout the plant life. The QA program provides control over
activities affecting the quality of components to an extent consistent with their importance to
safety. The program must provide for the indoctrination and training of personnel
performing activities affectmg quahty

The QA criteria applicable to the power reactor program are listed below ! The
purpose of each of the 18 QA criteria is briefly explained in the following pages Some or
all of the principles noted may apply in total or in part to NRC-licensed facilities other than
nuclear power reactors. Refer to the individual paragraphs in the Code of Federal
Regulations (10 CFR 30-39, 40, 50, and 70) for specific requirements. |

Criterion 1 - Organization - To identify a]l activities affecting quality and to assure that the
responsibilities and authorities of key personnel are clear.

Criterion 2 - Quality Assurance Program - To cause the project manager to articulate the
actions necessary to plan and implement an effective quality assurance program.

Criterion 3 - Design Control - To control the following processes in accordance with the
requirements of Applicable and Relevant or Appropriate Requirements: (1) designing tests
and sampling patterns to characterize the geologic setting, to develop models to predict the

! Appendix B to 10 CFR 50, "Quality Assurance Cntena for Nuclear Power Plants and Fuel Reprocessmg
Plants." -
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‘ performance and long-term stabﬂity of the site and to predict the environmental interaction .
between the site and its surroundings; (2) specrfymg requrrements for design and '
constructlon and (3) des1gn1ng computer codes.

Cntenon 4 Procurement Document Control - . To prov1de the management controls to

‘manage the work activities of contractors and subcontractors and ensure acceptable quality of

the results. - : - :

Criterion 5 - Instructions, Procedures, and Drawings To ensure the use of formal
mstructlons for work activities related to the accomphshment of performance ObjeCtIVCS and
h the de51gn bases -

-

Criterion 6 - Document Control - To ensure that documents prescribing act1v1t1es related to
the accomphshment of the performance objectives and the design bases are controlled during -
review, approval, and distribution to ensure that those performing actrv1t1es use approved and
up-to-date instructions. '

Criterion 7 Control of Purchased Matenal Equlpment and Services - To oversee and
control the work of contractors and suppliers and to ensure that the results are consistent with ,
performance obJectlves and design bases. -

. Criterion 8 - Identlﬁcauon and Control of Matena]s Parts, and Components - To ensure
that all materials, parts, samples, and components important to the accomphshment of
performance objectives and the des1gn bases are 1dent1ﬁed and controlled. .

- Criterion 9 - Control of Spec1a1 Processes To ensure that all work activities lmportant to
the accomphshment of performance objectives and the design bases are contro]led including
the 1dent1ﬁcat10n of activities that require spec1a]1y trained personnel or specialized

' equlpment or procedures '
Criterion 10 - Inspection To ensure that independent, pre-planned inspections are performed

where it is deemed necessary to establish the acceptability of a product process, or service,

either in progress or upon completlon ' ‘
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Criterion 11 - Test Control - To ensure that tests are conducted to determme 1f an item or
service is acceptable or to satisfy a need for more mformat:lon '

Criterion 12 - Control of Measuring and Test Equipment - To ensure that measurements that ‘
affect quality of work are taken only with instraments, tools, gauges, or other measuring '
devices that are accurate, .controlled, calibrated, and adjusted at predetermmed mtervals to
maintain accuracy within necessary limits.

Criterion 13 - Handling, Storage, and Shipping - To ensure control over handling, storage,
cleaning, packaging, preservation, and shipping of items affecting quality of work. '

Criterion 14 - Inspection, Test, and Operating Status - - To ensure the identification of the'
inspection and/or test status of samples, structures, systems, -and components to prevent
inadvertent use of items found to be unacceptable for use. :

Criterion 15 - Nonconforming Materials, Parts, or Components - To ensure that items not
conforming to specified requirements are identified and controlled to prevent‘ inadvertent use.

Criterion 16 - Corrective Action - To ensure that management systems compnsed by the QA
program are constantly monitored and that tlmely measures are taken to correct conditions
adverse to quality.

Criterion 17 - Quality Assurance Records - To ensure that records important to the
accomplishment of performance objectives and the design bases (including the data analysis
phase, hearings, pernuttmg and licensing processes) are sufficient to demonstrate the quality

. of work performed. Records will also be needed should problems related to the performance
of the facility occur at a later date.

Criterion 18 - Audits - To ensure that audits, which are part of the management system’s
Sensors, are effective by being well planned, conducted by tramed personnel familiar with the
work being audited, and designed to measure the potent1al of the act1v1ty or process bemg
audited to produce an acceptable product.
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APPENDIX F |

1.

Alabama

Mr. Aubrey V. Godwin, Chief
Bureau of Radiological Health
Environmental Health Administration
Room 314, State Office Building
Montgomery, Alabama 36130
(205)261-5313 k

2.

Arizona .

Mr. Charles F. Tedford, Director
Radiation Regulatory Agency
4814 South 40th Street

Phoenix, Arizona 85040
(602)255-4845

Arkansas

Ms. Greta D1cus, Director -

Division of Radiation Control and Emergency Management
Department of Health:

4815 West Markam

Little Rock, Arkansas 72205-3867

(501)661-2301-

California

Mr. Jack McGurk, Chief
Environmental Health Branch
State Department of Health
714/744 P Street, Room 498
Sacramento, California 95814
(916)332-2073 or- 3482

Colorado

Mr. Robert Quillin, Director
Radiation Control Division-
Office of Health Protection
Department of Public Health
4210 East 11th Avenue

| Denver, Colorado 80220

(303)331-8480

Florida

Mary E. Clark, Ph.D., Director

Office of Radiation Control .

Department of Health & Rehabilitative Services
1317 Winewood Blvd. '

Tallahassee, Florida 32399-0700
(904)487-1004
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7. Georgia

James L. Sétser, Chief

‘| Environmental Protection

Department of Natural Resources
Floyd Towers East 1166

205 Butler Street

Atlanta, Georgia 30309

- (404)656-4713

8. Tllinois

| Thomas 'W.,Ortcigar',. Director
- Department of Nuclear Safety

1035 Outer Park Drive

- Springfield, Illinois 62704

(217)785-9868

9. Iowa

Donaid A. Flater, Chief
Bureau of Radiological Health
Department of Public Health
Lucas State Office Building:
Des Moines, ITowa 50319
(515)281-3478 ~

10, Kansas

Mr. Gerald W. Allen, Chief
X-Ray & Radioactive Materials’ i
Department of Health & Environment
109 S.W, 9th Street

Topeka, Kansas 66620
(913)296-1562

11. Kentucky

Mz. John Volpe, Manager
Radiation Control Branch
Department of Health Services
Cabinet for Human Resources
275 East Main Street '
Frankfort, Kentucky 40621
(502)564-3700

12. Louisiana

"Mr. Glenn 'Miller, Administrator

Radiation Protection Division
Office of Air Quality & Nuclear Energy

1 P.O. Box 82145

Baton Rouge, Louisiana 70884
(504)765-0160

13. Maryland

Mr Roland G. Fletcher, Administrator
Radiological Health Program

Office of Toxics, Environmental Sclence and Health
Department of the Environment

{ 2500 Broening Highway -
| Baltimore, Maryland - 21224 |

(301)631-3300
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14.

Mississippi

Mr. Eddie S. Fuente, Director
Division of Radiological Health
State Board of Health

3150 Lawson Street

P.O. Box 1700

Jackson, Mississippi 39215-1700
(601)354-6657/6670

15.

Nebraska

Mr. Harold Borchert, Director
Division of Radiological Health
State Department of Health

301 Centennial Mall South
P.O. Box 95007 .
Lincoln, Nebraska 68509 -
(402)471-2168

16.

Nevada

Mr. Stanley Marshall, Supervisor
Radiological Health Section, Health Division

‘Department of Human Resources.

505 East King Street, Room 202
Carson City, Nevada 89710
(702)885-5394

17.

New Hampshire

Ms. Diane Tefft, Program Manager
Radiological Health Program

Bureau of Environmental Health
Division of Health Services

Health & Welfare Building, Hazen Drive
Concord, New Hampshire 03302
(603)271-4588

18.

New Mexico

Benito J. Garcia, Chief

Community Services Bureau.
Environmental Improvement Division
Department of Health & Environment
P.O. Box 968

Sante Fe, New Mexico 87504-0968
(505)827-2959

19.

New York

Ms. Donna Ross, Energy Planner
Division of Policy Analysis and Planning
2 Rockefeller Plaza.

Albany, New York 12223
(518)473-0048

20.

North Carolina

Mr. Dayne H. Brown, Director

Department of Environment, Health and N: atural Resources
Division of Radiation Protectlon

P.O. Box 27687 °

Raleigh, North Carolina 27603

(919)741-4283
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North Dakota

Mr. Dana Mount, Director

| Division of Environmental Engmeenng

Radiological Health Program

- State Department of Health

1200 Missouri Avenue .
Bismarck, North Dakota 58502
(701)221-5188 -

22.

,'Oregon :

Mr. Ray Pans, Manager
Radiation Control Section
Department of Human Resources
1400 South West Fifth Avenue
Portland, Oregon 97201
(503)229-5797 .

23.

Rhods Island

Shelly Robinson, Acting Chief
Radioactive Materials & X-Ray Programs

‘Department of Health

Cannon Building, Davis Street
Providence, Rhode Island 02908
(401)277-2438

South Carolina

Mr. Heyward G. Shealy, Chief

Bureau of Radiological Health

Department of Health and Envuonmental Control
J. Marion Sims Building - B}

2600 Bull Street o -
Columbia, South Carolma 29201 .
(803)734-4700 ~

Tennessee

Mr. Michaei H. Mobiey, Director -
Division of Radiological Health
TERRA Building, 150 9th Avenue North

: Nashville, Tennessee 37219-5404

(615)741-7812

26.

Texas

Mr! David K. Lacker, Chief
Bureau of Radiation Control
Department of Health '
1100 W. 49th Street (mail only)
Austin, Texas 78756
(512)835-7000

27.

Utah

Mr. Larry Anderson, Director
Bureau of Radiation Control

State Department of Health
288-North 1460 West

P.O. Box 16690

Salt Lake City, Utah 841 16-0690

| (801)538-6734
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28. Washington

Mr. Terry R. Strong, Director
Office of Radiation Protection
Department of Health

Mail Stop LE-13 - ‘
Olympia, Washington 98504
(206)586-8949

* As of August 1991
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J\\xEO Sra '@-@ ) .
g "‘ H UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
3 N WASHINGTON, D.C. 20460

q%x@&y - .

OFFICE OF
AR AND RADIATION

Oon October 31, 1989, the U.S. Environmental Protection
Agency (EPA) promulgated standards controlling radionuclide air
emissions from facilities licensed by the Nuclear Regulatory
Commission, or certain agreement States. This regulation is
under reconsideration and the Agency needs to gather information
to determine whether or not these standards should be put into.
effect. The facilities being studied are licensed to handle or
use radioactive materials in unsealed form. This facility has-
been selected to take part in a study to determine the radiation
hazard to individuals residing outside the facility. Please fill
out the enclosed form and return it within 30 days of the receipt
of this regquest to: ‘ '

Dale Hoffmeyer S
U.S. Environmental Protection Agency
Mail Code ANR 460W ‘
401 M Street, SW
Washington, DC 20460

This information is being requested under Section 114 of the
Clean Air Act. Under Section 114 of the Act, the Administrator
has the authority to require any person to submit information to
assist EPA in developing National Emission Standards for
Hazardous Air Pollutants under Section 112.

Please be advised that failure to provide all the
information required by this Reporting Requirement within the
time allowed, or to provide adequate written justification for'
such failure, can result in enforcement action by EPA against you
under Section 113 of the Clean Air Act. Such enforcement may .
include a civil action for the assessment of monetary penalties.
vYou should also be aware that Section 113 provides for possible
criminal sanctions for anyone who knowingly makes any false
statement, representation, or certification in a report required-
by EPA. - : :
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You may assert a business confidentiality claim covering
part or all of the information responsive to this Reporting
Requirement in the manner described in 40 C.F.R. Section
© 2.203(b). EPA will disclose information covered by such a clainm
only to the extent and according to the procedures set forth in
40 C.F.R. Part 2, Subpart B. If you do not submit a o ,
confidentiality claim with the information, EPA may disclose your
response without furtier nctice to you. You should rsad the
above-cited regulations carefully before asserting .a business
confidentiality claim, since certain categories of information
are not properly subject to such a claim. ‘

If you have'any quéstibns concerning this letter or if you
would like assistance in completing the form, call (800-685-3339)
~from 9 a.m. to 5 p.m. eastern standard time. : o .

" Sincerely,

William G. Rose
Assistant Admi
for Air and Radiation

Enclosure




: - SURVEY FORM

Facility Name ] »
Address -
City Stats Zip

Identify a person from whom clarification or additional .inférrnatlbn(mn be obtained, if necessary.

Name : Telephone (___ )

1 .
Does your facility harvﬂe only sealed radiation sources? -
Sealed sources include "Special Form” sources that are sealed and not intended to be opened m
their routine application; e.g., density and thickness gages.

Yes STOP You do not have to complete the remamder ofthls form. However you must retum
the form to the EPA.

No CONTINUE  You must complete the remainder of this form. . ]

Indicate the principal activities conducted at your facmty which involve unsea!ed 1orms of
radionuclides (check all that apply): i
[ 1 Accelerator

[ ] Research/Test Reactor

[ ] Nuciear Medicine (Diagnostic only)

[ ] Nuclear Medicine (Diagnostic and Therapeutic)

[ ] Manufacturer of Teletherapy Equipment

[ ] Manufacturer of Medical Implant Needles or Seeds

[ ] Manufacturer of Pacemakers -

[ ] Manufacturer of Industrial /Sclentific Gauging Equipment

[ ] Manufacturer of Selflluminating Devices

[ ] Producer of Radiopharmaceuticals

[1 Producer of Radio-Labelled Compounds for Research :

[ ] Producer of Munitions using Depleted Uranium' ' -

[ ] Producer of Shieiding using Depleted Uranium :

[ ] Thorium/Rare Earth Processing/Recovery

[ ] Low-Level Waste Disposal Facility

[ 1 Low-Level Waste Incinerator ' o

[ ] Low-Level Waste Transfer Agent (Prepackage oniy [re-package )
[]ResearchLaboratory(lndicateﬂeldoffesearch ‘ )
[ ] Other (please specify , ' . ' ‘ )

GENERAL INSTRUCTIONS ' -

1. You must provide the informaﬂon rsquested on pages 2-3 of this form nmﬁ_q_g_eﬂl
building at your facility where radionuclides in unsealed form are handled.

2. ifa qunuon does not apply to your facility, then mark the appropriste space 'N/A' if you
cannot answer a question, mark the appropdau space “U".
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BUILDING NAME

Step 1. Provide the approximate building dimensions in meters.

. Length Width . Height

(if the building is irregularly shaped, the Vlength and width should be those of'the smallest
rectangte that in plan view would completely encompass the building; the height shouid be
the distance from the ground to the highest roof.) . o '

‘Step2.  Provide the follbwing information for each stack/vent that serves an area m .the buildir;g
where unsealed forms of radicactive materials are handled, : o

‘STACK/VENT | Height Diameter | Flow Rate | Temperature. | Efﬂhen; Contio!s
' ‘ {m)' _(m? | (m/sec) CF? {specify type)

‘mhum-‘

i

4 gh'on are more than S stacks/vents serving this building, check hers and provide the information for the additionat '
- stacks/vents on a separate sheet of paper which clearly designates the building name. o o

'Distance from the ground to the top of the stack/vent.
2t the stack/vent is rectanguiar, give its length and width. , .
3 the exit temperature is approximatsty the same as the ambient temperature, simply enter an A for ambienit.
NOTE: i the data you have ia in units other than thoss requested and you are uncertain of the conversion, provide your -
7 data with the units cisarly indicated; e.g. ft. for feet, CFM for {3/min, and °C for degrees calsius.

Step 3. ‘Does anyone live in this buiiding?

IfYES, enter the dlst'aﬁc‘e,along the‘bui,dlng surface from the stack/vent to the nearest residence in the
- building (meters) T ' : . Co ,

. I NO, enter the distance from the stack/vent to the nearest residence outside ihe building.
‘ (meters) Indicate the direction from the stack/vent to the nearest residence. . :
. ' (N.NNE,NE etc.) o A

Step 4. Is thers an office, school or buzlnisc’, not part of the facility covered by the NRC or
state licensae, in this building? " '

If YES, enter tho distance a!odg the bdndlng surface from the stack/vent to the ne’ar'est'ofﬁce. school
or business. (meters) , o . '

if NO, enter the distance from the stack/vent to the nearest office, school or business outside the
building.. " (meters) Indicate the direction from the stack/vent to the nearest office, school or

business.___ (N,NNE,NE etc.)

- Step 5. Provide the distances in meters to the following sources of food production.
It the distance is greater than 2000 meters, then entter >2000. "

‘Vege‘tablresv \ Meat v Mik
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Step 6. Complete the table below.

You must report ai] radionuclides in unsealed forms used in the building even if y&u,do not
believe that they are being released. o ' ‘ :

If you cannot provide the emission or quantity used information requested below for éach
stack/vent, then enter the values for the entire building under the column for stack 1.

MONITORED STACKS/VENTS

if you measure radionuclide emissions, enter the release rate for each radionuclide in Cl/y.
Designate that it is a measured value by entering an M in the column headed "M/Q", and ieave the

‘ column headed "Physical Form"® blank. If radionuclide emissions are below the minimum detectable
level, enter that level (Cl/y) preceded by a < symbdl. '

' UNMONITORED STACKS/VENTS | | L

It emissions of any radlonuciides used are not measurad, enter the quantity of each radionuclide
used (Cl/y) but not measured and enter a Q in the column headed "M/Q". In the column headed
“Physical Form®, enter G for radionuclides that are gases or subject to temperatures in excess of 100°%;
L for radionuclides that are handled in liquid or powder forms; and S for radionuclides handled in solid
forms or capsules. (Mo-89 contained in a generator to produce Technetium-39m can be assumed to
be a solid.) If a radionuciide is used in more than one physical form, provide a separate entry for each.

Note: For both monitored or unmonitored emissions, if you know the lung clearance class for a
radionuclide, enter it in the table. Use D for days, W for weeks, and Y for years. if the chemical
spacies of a radionuclide falls into more than one clearance class, make a separate entry for each. If
the lung clearance class is not known, enter the predominate chemical species i known.

Dates Covered: From To

Nuclide | M/Q | Physical | Clearance | .Stack 1 | Stack2 | Stack3 | Stack 4 | Stack 5
form class €/ | ©Ciyy) | Cify) (Q/}') (Cify).

il

Hﬁ\mhnotonoughmmmonbbblmwndbnudldnunda-mm 'andpiovidomoinfocmaﬁoqur&n
addmmmammdmwmmmm_wmmm. e
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APPENDIX H

DOSE CALCULATION ASSUMPTIONS

Th1s appendlx provides detaﬂs of calculatlonal assumptlons made regarding
factors having a s1gmﬁcant effect on dose
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. APPENDIX H

DOSE CALCULATION ASSUMPTIONS

H.1 ASSUMPTIONS RELATED TO SOURCE TERM

®  Xe-133 Release from Hospitals’

, - All the Xe-133 used by-hospitals was assumed to be released. This assumption is

appropnate for most hospitals but tends to overestlmate the dose for others. While many .
hospitals trap the Xe-133 exhaled by the patients and allow it to decay fora number of half- -
Lives, only a few of the hospitals surveyed indicated that they d1d so. Trapping the gas
_reduces the amount available to be released into the environment.

In order to 'properly dccount for Xe-133 trapping, it would have been necessary to
contact each hospital to determine the details of its procedures. Because Xe-133 was the
principal contributof to dose for many of the hospitals, a reduction in Xe-133 release would ,
lower the medJan ‘dose of the populatlon However, it would not have much effect on the
‘ doses above 1 mrem/yr as shown below: ‘

Table_H-l. Doses above 1 mrem/yr.

: 11

NH- ' 1.7
HN ‘ , 1.8
T H ST 20
H : - 39

NH ' ' 5.3

NH ~ . S 8.0

NH = non-hospital, H = hospital, HN = hospital, no Xe o "

‘Twenty-three facﬂ1t1es have estlmated doses above 0.1 mrem/yr Of these 23, Xe—133 )
isa contnbutor in five. Of these five, the- Xe—133 contnbutlon to the total dose is 30 40
50, 80, and 85 percent, for an average of approximately 60 percent
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It is concluded that neglecting Xe-133 trapping by hospltals has a neghglble effect
upon the distribution of estlmated doses:

® Release Fracﬁons'

For those facilities that did not provide site;specific release rates, the default release
fraction of 1E-03, described in EPA89b, was used for liquids. As apphed to nonvolatile
radionuclides, such as Tc-99m or buffered solutions of radioiodine, this assumpuon W1]1
generally result in a higher estimate of the radionuclide release rate.

e . Xe-133 Release from Radiop_harmacies : . S '

EPAR89b specifies a release fraction of 1 0 for radionuclides i in gaseous form.
However, because radiopharmacies receive and distribute the Xe-133 in sealed vials, very
Little is released. The Food and Drug Administration’s limit on the leakage from these vials
is 0.5 percent per day; however, in practice, the measured leakage isa maxnmum of 0. 1

percent per day (Mu91).

The total leakage is a function of both the release rate (percent per day) and the
length of time the vial is held in stock. Because Xe-133 has a half-life of only five days, it
is unlikely that it would be held in stock for very long. If it were to be held for 10 days, the-
amount would have- decayed to only one fourth the amount rece1ved by the radlopharmacy

A 0.1 percent per day leakage rate and a holdmg time of 10 days was assumed Th1s
results in a release fraction of one percent.

Emissions from Sources Othér Than Stacks and Vents

Radionuclide air emissions from stacks and vents were considered in this study, but
emissions from diffuse sources were not covered. These include: fugitive emissions from
normal operations (e.g., releases from patients treated with radionuclides); spilling and
mishandling; and more catastrophic accidental releases such as fires and explosions.
Exposures from these sources could make some of the anrual doses actually received by
members of the general public greater than those calculated.in this study. However, the
contribution of these sources to lifetime risks are genera]ly believed to be low because the
occurrences are usually infrequent and the exposures are for a short duratlon '
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H.2 ASSUMPTIONS RELATED TO DISPERSION
®  Closest Pefson 'Versus Maxnma]ly Exposed Person

‘ In calculating the doses to the ma)nma]ly exposed individual, the distance and '
direction to the closest office, school, or business were used. It is _possible that an 1nd1v1dual

. located at a greater distance; but in a sector toward which the wind blows more frequently,

could receive a higher dose. However, should such a circumstance arise, the dose would be
'underesumated by no more than a factor of about 5.

- The preceding discusSion app]ies' only to those cases in which a wind rose was used.
If the closest person was on the same building, a wind rose was not used. For this reason,
there is only a minimal effect on the doses above 1 mrem/yr as shown below.

" Table H-2. Doses above 1 mrem/yr, no wind rose.

NR - : 1.1 : 1.1
NR A B A 1.7
RW ‘ <. 1.8 . - 20
" NR . ' 20 - 20
NR 3.9 3.9
NR - o 5.3 ' 5.3
NR - ‘ - 8.0 - S ‘ 8.0

- NR = no wind rose used (same buiiding); RW = wind rose, near wake

- Of the 23 facilities liaving doses g'reater_ than 0.1 mrem/yr, 15 have the closest
residence, office, or classroom in the same building, five have them within the near-wake
“ region, and three have them outside the near-wake region. The ratios of the maximum to the
closest receptor for these are 1.0, 1.5, and 2.1, for an average of 1.5.

It is concluded that calculating thedese to the person in the closest residence, office
or classroom rather than in the locauon of maximum dose, had a neghg1b1e effect upon the
-d1str1but10n of doses. '
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o Same Building Effect

The estimate of the air concentration when the source and receptor are on the same
building is quite conservative. The model used by COMPLY is based on NCRP
Commentary No. 3. NRCP based its model on a study by Wilson and Britter (W182), which
found that the concentration at various locations on a building was a function of the wind
speed and the distance (measured along the building surface between the source and the .
receptor). The correlation is C/Q = B/ux?, where c/ Q is the normalized concentration, B a
constant, u the wind speed, and x the distance between the source and the receptor. :

Wilson and Britter suggest a value of 9 for B unless both the source and receptor are
on the lower third of the same or adjacent walls, in which case they suggest a value of 30.
The NCRP model uses 30 for all cases. '

While the correlation based on these parameters seems reasonable, their data show a
great deal of scatter. With B = 9, more than 90 percent of the data points lie above the
correlating line. This means that their correlation encompasses more than 90 percent of the
data points; it is not a mean line. The mean line lies about a factor of 5 above their line.
That is, using the mean line would lead to B being about 1.4.

The NCRP method tends to overestimate dose. However, this has utility .for '
regulatory purposes, as it means there is only a small chance that a facility might appear to
be in compliance with the limit when the true concentrauon “would result in a dose exceeding
the limit.

H.3 ASSUMPTIONS RELATED TO THE RECEPTOR

® Age and Select Populations

Following the recommendations of the International Commission on Radiation o
Protection ICRP80), this study assumed that doses were delivered to a standard man. In
most cases, we have no information on the age or the predisposition of the exposed '
population which would lead us to conclude that elther doses or risks would be greater than
those estimated. However, for certam exposure groups considered in this study, such as
students attending school, the average age may be less than that of standard man and the -
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annual dose may be greater than that calculated. The models used by EPA do not explicitly
account for these factors, but since the cancer risks are assumed to result from a lifetime of
" exposure, underestimates associated with age at time of exposure would tend to be mitigated.

] Dose Conversion Factors

The dose conversion factor (DCH is one of the key parameters used to celculate the
. doses associated with radionuclide emissions from facilities licensed under 10 CFR 30. The
" DCFs used in this report establish the relatlonsmp between a given intake of a radionuclide
or concentration in the environment and the dose to a pérson exposed to the radionuclide.
For radionuclides that are either inhaled or mgested the DCF is expressed in units of the
dose per unit activity inhaled or ingested. The values are isotope specrﬁc and are typically
expressed in units of Sv/Bq' or mrem/Ci mhaled or ingested. For external exposures, the -
DCFs are expressed in units of dose rate per unit radionuclide concentration in the
~ environment. For example, the DCFs for external exposure associated with immersion in a
cloud of radioactivity are often expressed in units of mrem/yr per Ci/m®. For external ,
exposure from actlvrty deposrted on the ground the DCF is typrca]ly expressed in units of '
mrem/yr per Ci/m?. '

DCFs are convement values because once the inhalation rate or mgesuon rate of a
grven radionuclide is determined, the internal dose is readily obtained by multiplying by the
appropnate DCF. Similatly, once the concentration of a given radionuclide in air or on the
ground is determmed. the external dose rate from immersion or direct radiation from
standing on the contaminated ground is readily obtained by multiplying by the appropriate
DCF. . o PO ' :

Imbedded in the COMPLY code are default values for the DCFs for virtually all -
radionuclides for inhalation, ingestion, and external exposure. The purpose of this section is
to explore the degree of conservatism, if any, inherent in these DCFs as used in this project.
The discussion is divided into three parts: Inhalation DCFs, Airborne Immersion DCFs, and
DCFs for External Exposure to Déposited Radionuclides. The discussions focus on the .
radionuclides, pathways,»and facilities found to be the most significant on this project.

! Sievert (Sv) is the mtemauonal system umt of a.ny of the quantities expressed as dose eqmvalent The dose
equivalent in sieverts is equal to the absorbed dose in grays multiplied by the quahty factor (1 Sv =100 rems).
One becquerel (Bg) is equal tol dlsmtegratlon per second.
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facilities addressed by this project, the principal radionuclides cont;ibuﬁng to inhalation
exposures are Tc-99m and I-131. The inhalation DCFs used by COMPLY are:

Tc-99m  3.26E-+04 mrem/Ci or 8.80E-12 Sv/Bq inhaled
I-131  3.29E+07 mrem/Ci or 8.89E-09 Sv/Bq inhaled

These values were obtained from Table 2.1 of Federal Guidance Report No. 11,
which is the EPA guidance regarding DCFs (EPASS). Ihspection of Federal Guidance
Report No. 11 reveals that these are committed effective dose equivalent factors (CEDE),
which means that the doses obtained using these DCFs represent the whole body dose .
equivalent for the actual dose delivered to a specific organ. For example, exposure to I-131
results predominantly in a dose to the thyroid gland. Howevér, the I-131 DCF includes a
weighting factor, which converts the dose to the thyroid gland to the whole body dose that is
equivalent, based on the effects of radioactive material in subsequent years following intake.
In the case of thyroid exposure, the DCF includes a weighting factor of 0.03. The weighting
. factor for a tissue represents the proportion of stochastic risk resulting from irradiation of

that tissue compared to the total risk when the whole body is uniformly irradiated. | |
Therefore, as defined by ICRP, 3 percent of the total nsk fo]lowmg whole body exposure is
attributable to the exposure of the thyroid.

The DCFs in Federal Guidance Report‘No. 11 are 50-year dose comﬂiitments. This
means, for a given intake of a radionuclide, the doses calculated using these DCFs are the |
effective doses for the 50-year period following mtake Imbedded in these values are
assumptions regarding the clearance rate of the radionuclides from the body, which also bear
on the realism of the DCFs.

The following presents a closer 1ook at the inﬁalation DCFs for Tc-99m and I-131. |

The InJlalaﬂon DCF for Tc-99m. The degree of conservatism mherent in the
inhalation DCF for Tc-99m used on this project must be discussed from two perspectlves
The first has to do with alternative DCFs provided in Federal Guidance Report No. 11 and
the specific alternative selected for use on this project. The second has to do with
conservatism inherent in the selected alternative. o

Inhalation DCFs. In the biomedical cdmmunity, which rg:presenis the majority of the




Altematlves Inspectlon of Federal Guidance Report No. 11 reveals that two different
inhalation DCFs are provided for Tc-99m 3.26E+04 and 2.67E+04 mrem/Ci inhaled. The
former is referred to as the DCF for lung clearance class D (days) and the latter as the DCF |
for lung clearance class W (weeks) aerosols. Two different values are provided because the
DCF differs depending on the clearance class of the Tc-99m. The D value is to be used for
those forms of Tc-99m that are cleared from the lung relauvely quickly, on the order of

- days. The w value is to- be used for those forms of Tc-99m that are cleared from the lung
more slowly, on the order of weeks. In COMPLY the higher value was selected. As
- discussed in the following, the higher DCF is the more appropriate value to use for the
chemical forms of Tc-99m used by the biomedical community.

Inspection of Federal Guidance Report No. 11 and ICRP 30 reveals that the inhalation

DCF for Tc-99m is based on an assumed aerosol size distribution of 1 ‘micron activity '
median aerodynamic diameter (AMAD) and a GI absorption fraction of 0. 8, and that the
Tc-99m is in the pertechnetate form. The assumption that the aerosol is 1.0 pm AMAD does
‘not significantly affect the DCF because the DCF is based primarily on deposition and
retention of transportable technetium. The GI absorptlon fraction of 0.8 is conservative as
'app]led to many of the forms of Tc-99m that are not soluble, such as sulphur-colloid, but-
- appropriate for the pertechnetate form. As discussed below, since the pertechnetate form is
the most comimonly used, this is a reasonable assumption. Finally, in developing the
metabolic models for Tc-99m, a broad range of different forms of Tc-99m was considered.
It was assumed that for both the W and D forms of inhaled Tc-99m, once absorbed, the
retention of Tc-99m will follow that of the pertechnetate form. Of the various forms of
- Tc-99m, the dose equivalent for the percechnetate form is generally higher than that of the
other forms (ICRP87). In addition, it is the most widely used form of Tc-99m. ‘

Inhalation DCF for 1-131. The effective whole body DCF for the inhalation of I-131
is 3. 29E+07 mrem/Ci. The value is based on the assumption that 100 percent of the mhaled
iodine is absorbed (i.e., f1 = 1), 30 percent goes to the thyroid gland (i.e., 2 = 0.3), and
the remamder is nnmedlately excreted in the urine. The portion that goes to the thyroid .

, gland is assumed to have an effective half- hfe of 7.5 days. These values are best estimates
based on extensive experience with I-131. The f1 value of 100 percent is appropriate
because the 1od1ne is easily absorbed The f2 value of 0.3 i is consistent with, though
somewhat more conservatlve than, the normal range of 0.05 to 0. 25 referred to in ICRP90,
The effectlve half-life of 7.5 days is determined almost entirely by the 8.04-day radiological
half-life of I-131 and is therefore h1gh1y reliable.
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Overall, the parameters used to calculate the thyroid dose to the typical adult from the
inhalation of I-131 are realistic. However, the effective whole-body DCF does have an B
inherent degree of conservatism of about 2 up to 15 fold. The conservatism stems from the
way the thyroid DCF is converted to an effective whole body DCF. | |

As discussed above, the thyro1d DCF is converted into an effective whole body DCF -
by multiplying the thyro1d DCE by 0.03. The 0.03 value represents the relative radlotoxmty
of a given dose of penetrating radiation to the thyroid gland as compared to the same dose
given to the whole body. The welghtmg factor of 0.03 was based.on data that found that for
a given dose of external whole body radiation, approximately 0.03 of the cancer fatalities
caused by the radiation were due to thyroid cancer. Accordingly, an external dose delivered
to the thyroid gland alone is 0.03 as potentially harmful as the same dose delivered to the |
whole body. ‘ S ' '

The 0.03 weighting factor is appropriate for external exposures. However, there is
evidence that the same dose of radiation delivered internally to the thyroid gland from I-131 |
can be a factor of from 2 to as high as 15 less radiocarcinogenic (NAS90) (NRC85¢). This
may be because a great majority of the dose to the thyroid gland from I-131 is due to beta
particles, which deposit a large portion of their energy harmlessly in the colloid contained '
within the follicles of the thyroid gland Others disagree, finding I-131 and x-rays equivalent
in inducing thyroid cancer. In any case, the effective whole body DCF for I-131 may be
conservative by a factor of 2 to 15. '

External Immersion DCE. The external dose from jmmersion-in Xe-133, Tc-99ni,
and 1-131 is an important contributor to the offsite doses associated with routine emissions
from hospitals and other materials licensees. COMPLY uses the external DCFs
recommended by EPA in Table 2.3 of Federal Guidance Report No. 11 and in a DOE
publication (DOE88). These DCFs are based on the assumption that the individual is
immersed in a semi-infinite cloud. In the real world, the cloud is of finite dimensions; the
assumption of a semi-infinite cloud could signjﬁcanﬂy overestimate the dose. The degree of
conservatism in the DCF depends on the s1ze of the cloud and the energy of the photon |
emitted by the radionuclide. For example, for a typical 0.7 MeV gamma emitter, a plume of
about 1000 meters will act as an effectively semi-infinite cloud. However, the dose from a
plume of 100 meters will be about 1/2 the semi-infinite cloud dose, and the dose from a
plume of about 10 meters in diameter, will deliver a dose 1/ 10 the semi-infinite cloud dose ‘
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- (DOES4). For receptors close to the source, where the dimensions of the plume are
relatrvely sma]l the assumption of a semi-infinite cloud will hkely mtroduce at least a two- -
fold, conservausm

External DCF from Standmg on Contaminated Ground The external dose from
standing on ground contammated with Tc-99m and I-131 is another important contnbutor to
the offsite doses assocmted with routine emissions from hosprtals and other materials
Licensees. COMPLY uses the external DCFs recommended in DOE publications (DOESS).
These DCFs are based on the assumption that the individual is standing on an infinite,

. 'smooth plane In reality, the contaminated area is of a finite dimension and the ground is
generally not smooth. As a result, the doses derived using DCFs based on an infinite smooth
' plane may overestimate the dose by at least a factor of 2.
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